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PREFACE 

The Elements oi Hydrostatics seem capable of being 
presented in a simpler form than that in which they 
a])pear in all the works on the subject with which I am 
acquainted. I have therefore attempted to give a simple 
explanation of the Mathematical Theory of Hydrostatics 
and the practical application of it. 

Prior to the publication of this work some copies were 
privately circulated with a view to obtain opinions from 
Teachers of experience as to the sufficiency and accuracy 
of the information contained in it. A few suggestions 
received in consequence of this arrangement will be found 
in the Notes at the end of the voluma 

I am indebted to several friends for the collection of 
Miscellaneous Examples given in Chapter viii. In 
conclusion I have to express my thanks for the favour 
with which my attempts^ to simplify the course of Elemen- 
tary Mathematics have been received by College Tutors 
and Masters in Schools. 

Cambridge, 1870. 
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HYDROSTATICS. 



CHAPTER I. 

On Fluid Pressun. 

1. Hydeostatics was originally, as the name imports, the 
science which treated of the Equilibrium of Fluids, or of 
bodies in equilibrium imder the action of forces some of 
which are produced by the action of fluids. It is now ex- 
tended so as to include many other theorems relating to the 
properties of fluids. 

2. A fluid is a substance whose parts yield to any force 
impressed on it, and by yielding are easdly moved among 
themselves. 

3. This definition separates fluids from rigid bodies, in 
which the particles cannot be moved among each other by any 
force, however great, but it does not separate fluids from 
powders, such as flour, in which we have a collection of 
particles which can be moved among themselves by the appli- 
cation of a slight force. 

4. A fluid differs from a powder in this way: the particles 
composing a powder do not move among themselves without 
firiction, whereas the particles that make up a fluid move one 
over another without any friction. 

For example, if you empty a mug of flour on a table the 
friction between tlie particles will soon bring the flour to rest 
in more or less of a heap: whereas if you empty a mug of 
imter the particles, moving without fr\c\.\OTL,Tvai \a. ^^ ^csxrrt- 
tions, and the vfholQ body of water \a e^gteadi wjX» '\B&ft ^^^sc^ 
tbtaibeek 
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5. To distingnish fluids from x>owdcrs wo must thoreforo 
mako an addition to Art 2, and wo givo tho following as a 
complcto definition of a fluid. 

Def. a fluid is a substance wTiose parts yield to any force 
impressed on it, and by yielding are easily moved among 
themselves witlu)ut friction, and also act toithout friction on 
any surface with tchich tJiey are in contact. 

This definition includes not only tlio bodies to which in 
ordinary conversation wo apply tho terms "fluid" and "liquid," 
such as water, oil, and mercury, but also such bodies as air, 
gas and steam. 

6. Fhiids may bo conveniently divided into two dassofl^ 
liquid and gaseous. By tho term liquid we understand aa 
incompressible and inelastic fluid. In reality all fluids with 
which wo are acquainted aro compressible, that is, a given 
volume of fluid can by pressure be reduced in voluma Still 
so great a force is required to compress to any appreciable 
extent such fluids as water and mercury, that wo may regard 
them as incompressible in treating of the elements of tho 
subject. 

7. Tho inelastic fluids with which wo are practically 
acquainted approach more or less to a state of perfect fluidity, 
but in all there is a tendency, greater or less, of ac^acent 
particles to cohere with each other. This tendency is stronger 
in such fluids as oil, varnish and melted glass, than in such as 
water and mercury. Hence the former are called impeffect 
or viscous fluids. 

8. The air which we breathe and gases are compressible 
fluids, and are endowed with a perfect elasticity, so that they 
can change Uieir shape and volume by compression, and when 

he compression ceases they can return to their former shape 
jid volume. 

9. Yapours, as steam, are elastic fluids, but with this 
peculiarity: at a given temperature in a given space only a 
certain quantity of vapour can bo contained, and if the space 
or the temperature be then diminished, a portion of the 
yapour becomes liquid, or even in some cases a solid. 

JA Before proceeding farther ivith our sv^lb^ecXi ^« tdsqA 
explain tho mcamng of some technical terms 'wVn.di 's^^ iSbaSX 
^ro to employ frequentlj. 
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11. A Piston is a short cylinder of wood 
or motal, which fits exactly tho cavity of 
another cylinder, and works np and down 
alternately. 

12. A Yalvo is a closed lid affixed to 
the end of a tube or hole in a piston, open- 
ings into or out of a vessel, by means of a 
lunge or other sort of moyoable joint, in such 
a manner that it can be opened only in ono 
direction. 

13. A Prism is a solid figure, the ends 
of which are parallel equal and similar plane 
figures, and the sides which connect the ends 
are parallelograms. 

The figure represents a rectangular prism, in which each of 
the lines bounding tho surfaces of the prism is at right angles 
to each of tho four lines which it meets. 
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14. Wo shall often have to use the expression Horissontdl 
Siction of a tube or hollow cylinder, and we may explain tho 
meaning of the expression by the following example: 

Suppose a gun-barrel to be placed in a vertical position: 
snj^KMSo a wad to be part of tho way down the barrel with its 
upper surflEioe exactly parallel to the top of the barrel: then 
■appose the barrel to be cut away so qa yQ&\» \i^ \<s»:%^ *^s^ 
upper surface of the wad exposed: t\io «c^^ ol >3Kis^ ^oafekC^ ^ 
ibo wad 18 called the horizontal secUoii ot ^Saa'Vi^a^^^^ 

15. The mathematical theory oi Hi^aioa^aXV* ^ 
ca two laws, vrhich we shall now expl«to.. 
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16. LawI. The/orettxerCedbj/aJluidonanyiurfaca, 
vnlh which it u in contact, ii perpandicuiar to that tttrfaee. 

17. TTiis law is merely a repetition of the definition of & 
Said giren in Art 6, and wo can beat explain its meaning and 
application b; an example. 

If AB tie a t^linder immersed in a fluid dio premnres of 
the fluid on the curstd nufaGe ara all perpendioular to tba 



axis of Uio cjlinder, and the pressures of the fluid on the Jlat 
ends ore all parallel to tho axis. 

Now it ifl a law of Statica that a force has no tenden<7 to 
produce motion in a direction perpendicular to its own diroction, 

Honco tho pressures on llie curred surface have no tend- 
ency to produce motion In t1u> diroction of the azia, and the 
proBsures on the flat ends have no tondoncy to produce motion 
in a direction perpendicular to the axis. 

IS. Law IL Any pruturv. eommimieatid U> the titrfae* 
qfajluid it equally tratmaitted Uurough t/ia whai§Jluid in 
every direction. 

19. A eharacterigtlo property of flnlds wMch diBtingniBltes 
ttiem from solid bodies is this fiicnlty which th^ possess of 
mittin^ equally in all directions tiie presrares 4q>plied to 
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It li of great importance to form a correct notion oT ths 
prindple of "tlie equal transmusion of prossore," a prirtdplo 
wbich to applicable to all fluidB, ioasoiuch as it depends upon 
a propert; nhich is esientiai to all fluids and is not an acci- 
dtntai propert;, as veight, colonr, and othera. 

SO. Suppose then we take a vessel ABCD, in the form 
of a holloiT rectangular prism, and place it on a horizontal 
tabl& 

Place a block of wood, cnt to fit tho rcasel, so that it rests 
m the base BC and reaches up to the lerol EF. 




Then if we place a weight P on the top of the block an 
additional pressure P will be imposed on the base of Qxa 

Now suppose the block to be removed and tho vessel filled 
with an incompressible fluid up to tlie level of EF. 

Suppose a piston exactly fitting the vessel to be inserted 
and a pressure P applied by means of it to the surface of the 
fluid at EF. 

In this case the pressure P is transmitted by means of the 
floid not onl J to the base BC, but also to the tidet of the vesod^ 
and if we take a unit of area, as a B(5iaia'Yiu3tt,"\&'2Qa*^^'ei"E^-« 
■ndannitoforeain the base BO.'iiift «»mft *SSJCv3ci^ -«»* 
am will be conye? ed to eacb. 
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21. That jluidt trarumit pretmre equally in ail dir»e- 
Hont mayie tlieton experitnentally in thtftdiowingfaeamtrs 




ABO ia a Tessel of any shape filled mth Said. 

Make openbigs of equal area at A, B, O. 

Close the openings bj pistons, kept &t rest hy gnch a ioreo 
as nu; be required in each case. Then it will be found that if 
any additional force P bo applied to the piston at A, the 
samo force P must bo applied to each of the pistons at B and 
C to preirat them from boins Uirust out. 

If the area of the base of one of the i^tona, MB,bo lai^er 
than tho area of the base of the piston A, it ia foond that the 
presaure which must be applied to £ to keep it at reat bears 
the aame relation to the preaaure applied to A that tho area 
of the base of i? bears to the area of the baae of .^. 

22. From the preceding article it ia dear that If a body of 
Quid, supposed to be without weight, bo confined is a cloaod 
vessel, tho pressure communicated to the fluid bj any area in 
an; part of the vessel will bo transmitted equally to OTorj 
equal area in on; other part of tho TesseL 

It is owing to this fact that the use of a Bafo^ Tairo can 
be 
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Thus, if tho Tcascl A bo full of etcom and tho prcasuro of 
tlio stctim bo required to bo kept dotvn to SOOlbs. on the 
squATO inch, if a voIto B, irhoso area is a squaro inch, be 
jjaced at anj part of the tcsso), and bo so loaded that it will 
Toquiro a force of £00 lbs. to rdse it, then if tho Bteom acquire 
an increase of prossuro aboTO 204 lbs. on tho aquoro incli, (be 
tbIto will open, and will remain open till tlie pressure of the 
steun is just equal to 200 lbs. on the squaro inch. 

23. Airy force, luneever imall, may iy tha irarumittion 
qf iti pruMurt through a fiuid, b» made to tupport any 
weight, Aoieever large. 




Suppose Z>E and FH to bo two vertical cylinders, con- 
nected by a pipo Eff, and suppose Pff to havo a horizontal 
eection much larger Uiau the liorizontal section of DE: for 
instance, let the area of a liorizontal section of FII bo 400 
square inches, and tho area of a horizontal scctioa of HE bo 
1 squaro incli. 

Now if water bo poarcd into tho.. cylinders, and pistons A 
and B bo applied to tlie surfaco nt D and F, whatever force 
we apply to A nill bo transmitted to each portion of tho base 
of the piston B which is equal in area to tho base of the 
piston^. 

Hence a pressure of I lb. applied to tho piston A will pro- 
duce a pressure of 4C0 lbs. on tlio baso of tho piston B, and 
. will therefore support a weight of 400 lbs. placed on the 
piston i?. 

ThU effect of pressure bj ftie lu^'oso. 'A *. ^.-tiA-^fc -JSmv 
MUsd The Hydrostatic P&xadox. 
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EXAMPTiEa.— T. 

(1) In the experiment described in Art. 23, if the horizontal 
section of the small cylinder be 1 J square imjhes, and that of 
the larger cylinder 64 sq. in,, find the weight supported under 
a pressure of 1 ton exerted on the piston of the small cylinder. 

(2) If the horizontal section of the small cylinder be 1^ 
square inches, and that of the large cylinder 240 sq. in., find 
the weight supported by a pressure of 3 cwt. applied to the 
piston of the small cylinder. 

(3) If the pistons are circular, the diameters being 1} inch 
and 50 inches, find the weight supported bj a pressure of 
15 lbs. applied to the smaller piston. (N.B. The areas of 
circles are as the squares of their diameters.) 

(4) A closed Tessel full of fluid, with its upper sur&ce 
horizontal, has a wesik part in its uppw surface not capable 
of bearing a pressure of more than 4^ pounds on the square 
foot If a piston, the area of which is 2 square inches, be 
fitted into an aperture in the upper surface, what pressure 
Implied to it will burst the vessel ? 

(5) A dosed vessel fuU of fluid, with its uj^r surface 
horizontal, has a weak part in its upper sur&oe not capable of 
bearing a pressure of more than 9 lbs. upon the square foot 
If a piston, the area of which is one square inch, be fitted into 
an aperture in the upper sur&ce;, what pressure applied to 
it will burst the vessel f 

(6) If the horizontal section of the small cylinder be \\ 

square inches, and the diameter of the large piston 20 inches, 

find the lifting power of the machine under a pressure of 1 ton 

exerted on the piston of the small tube. (N.B. The area of 

22 
' ivele is ^ times the square of the radios neaiiy.) 
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21. The prennTO ai any point in any dirodaon in a fluid 
is a coQTentionaJ ospresBion used to denoto the pressnre on a 
unit of area imoginod as containing tho point, and porpeodicu- 
lar to tlie direction in question, 

For csaiople, if tlio wholo pressnre cf a fluid on t]ie 
bottom of a Tossel is 2000 lbs., and tho preworo is imiform 
thronghont, then if wo tako a squaro inch as the nnit of »rea, 
and the area of the Iiottom of the vessel is 40 square in<iiea, 

the presGore ta a point in the base is —^ lbs. or CO lbs. 

'2&. Tba stndent must carefiilly obserre the i^stinction 
between the ezpressiona "pressure im a point" cmd "pressure at 
a point" : the former is zeroy because a point has no magnitnd& 

S6. If a mass of flnid is at rest^ any portion of it may be 
anpposed to become rigid without affecting the conditions of 
equilibrium. 

Thus if we consider any portion .<< of the fluid in a closed 
vessel, we may suppose the fluid tn ^ to become solid, while 
the rest of tho fluid remains in a fluid state, or we may supposo 
the fluid round A to become solid, while the Quid in A 
remains in a fluid state. 
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S7. llie importance of the prindple laid down in Uie pro- 
ceding artide may bo seen from the following consideraUons. 
The laws of Statics are proved only in the case of forces acting 
on rigid bodies. Now since the suppodtion of any part of a 
fluid becoming solid does not c^cct tho action of the forces 
ading uptai it, and since wo can in that case obtasji. tif>s. ^Sri*. 
of those forces by the lawa ol &\a.1ick, ■w* iosS^ '«^'' '*^°- 
eflbcf on tlie-flmd. 
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28. If a body of fluid, supposed to bo without weight, bo 
confined in a closed vessel, so as to exactly fill the vessel, an 
equal pressure will bo exerted on tho fluid by every equal 
area in tho sides of tho vessel (Art. 22), and wo proceed to 
shew that tho pressure is tho same in all directions at every 
point of the fluid* 

For let be any point in the fluid, and AB^ CD two plane 
flurflEtceS) each representing a unit of area, passmg through O 




and parallel to two Mdes of the vessel EF^ GH, Then drawing 
straight lines at right angles to ABy CD from tho extremities 
oiABy CD to tho sides of tho vessel, wo may imagine all tho 
fluid except that contained in tho prism ABNM to becomo 
solid. 

Then the pressure exerted on the fluid by tho area MN 
will be transmitted ioAB, 

Again, if we suppose all tho fluid except that contained in 
tlie prism CDSR to become solid, the pressure exerted on the 
fluid by the area RS will bo transmitted to CD, 

Now tho pressures exerted on tho fluid by tho areas MN^ 
RS are equal, and consequently tho pressures on ABy CD 
trill be equals that is, the pressure at the point is the same 
in all directions. 

Also sinco the distance of the point from tho sides of the 
vessel is not involved in the preceding considerations, it 
IbUows that the pressure is the same at every point. 



CHAPTER II. 

On the Pressure of a Fluid acted on by Gravity, 

29. In tlio proceding chapter wo considered the conse- 
qnences that result from the peculiar property, essential to all 
fluids, of transmitting equally in all directions the pressures 
applied to their $urface9. 

Wo have now to consider the effects produced by the 
action qf gravity upon the substance of a fluid. 

30. Tho student must mark carefully the distinction be- 
tween forco applied to a surface and force applied to each 
of the particles composing a body. As an example of those 
distinct forces consider the case of a book resting on a table. 
Force is applied to tho suifaco of the book by tho table, and 
thus is counterbalanced tho force of gravity which acts upon 
each particle of which tho book is composed. 

31. All fluids are subject to the action of gravity in tho 
Bame way as solid bodies. Each particle of a fluid has a tendency 
to fall to the surface of the earth, and in a mass of fluid at rest 
there is a pai*ticular point, called the centre of gravity, at 
which tho resultant of all tho forces exercised by tho attrac- 
tion of tlio Earth on the particles composing the fluid may bo 
supposed to act 

32. The term density is applied to fluids, as it is to solid 
bodies, to denote the degree of closeness with whickt3^\na^ 
deB are packed. 
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When we speak of a fluid of vniform fensitj, we mean that 
if from on; part of tho body of fluid a portion be taken, and if 
from any other part of the body of fluid a portion like in form 
and equal la relume to the former portion be taken, tho 
weights of Uie two portions will be equaL 



33, If aTCBsd be filled with a heavy fluid of nniform density 
the pressure at every point in the interior of the fluid will not ba 
the same, because tho pressure which results from tho action 
of gravity will vary in magnitude according to tho position of 
(he point m the containing vessel. 



f -^h 



Consider a closed surface of smidl dimenfdoQs containing 
the point A, and suppose tlie fluid outside the closed sorfiico 
to become solid. The fluid mthin the closed surface will 
exercise pressure against the surface at every point, and these 
prossnres will be unequal, because tho fluid is acted on by 
gravity. But we may conceive that, if the quantity of fluid 
within the surface be ver]/ imaU, the difierenco between the 
pressures at different points of -the snrface will be vei? small, 
and when the surface is indefinitely diminished the prossuree 
-exercised by the fluid at each point of the surface may be 
regarded as equal, and the weight of the fluid may be Deglected, 

Thus we can consider it as the case of a weightless fluid 
and apply the conclusions of Art. 28. 

Hence all the planes of ettoal area which can be drawn, 
pa^ng tiiroagb tbo point A and not oxtendiTig ^iv^dtkA. th« 
"'^ ^eiKy^iaii zaay be considered to lao s>ibj«dL to cnpi^ 
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80 we conclude that in a heayy fluid of uniform density 

(1) The pressure will vary firom point to point 

(2) The pressure will be the same in all directions at any 
particular point 

34. We have next to consider in what way the pressure 
Taries from point to point in the interior of a fluid of uniform 
density when it is in equilibrium, and first wo shall shew that 
the pressure is the same at all points in (he same horizontal 
plane. 

Let A and B be two points in the same horizontal plane in 
the interior of a fluid of uniform density. 




Imagine all the fluid contained in a small horizontal cylin- 
der, of which AB is the axis, to become solid. 
Then the forces acting on the cylinder are 

(1) The fluid pressures on its curved surfacel perpendicular 

(2) The weight of the cylinder J to tho axis. 

(3) Tho fluid pressure on the end A\ n 1 x xi 

. V nvf tm • ■% i-A t wi,c psxaiiei to tiie axis. 

(4) The flmd pressure on the end B) 

Of these (1) and (2) havo no tendency to produce motion in 
the du*oction of tho axis (Art. 17). 

Therefore, since there is no horizontal motion, 

fluid pressure on end A := fluid ^T^^xxt^ ^ti vscv^B* 
And since, the ends being "ven smsi3\, ^'Sb ^x^tassoa^ -^ 's'l^c 
point In each end may bo regaxded ixa V^clq «axcLe« 

pressure at point ^— pxeasote ^X-^^^^d^ ^* 
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S5. Tlu pressure at any point tcilhin a heavy inelastie 
Jluidy not exposed to external pressure^ is proportional to 
the depth qf that point helow the surface qf the fluid 
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Let P and Q be two points at different depths below the 
finrface of tho fluid. 

Suppose two small equal and horizontal circles to be 
•described round P and Q as centres. 

Then suppose the fluid in tho two small vertical cylinders 
PA, QB, extending from tho bases P and Q to the surface, to 
^become solid. 

Now tho forces acting on the cylinder PA are 

(1) The fluid pressures on its curved surface, all of which 
are perpendicular to the axis. 

(2) The weight of tho cylinder 1 

(3) The fluid pressure on the base p] ^ 

Of these (1) has no tendency to produce motion in (he 
•direction of the axis (Art. 17). 

Hence since there is no vertical motion, 

fluid pressure on base P= weight of cylinder PA. 
So also, fluid pressure on base Q= weight of cylinder QB. 
Hence 
pressure at point P : pressure at point Q 

:: pressure on base P: pressure on base Q, (Art. 24.) 
:; weight of cylinder PA : weight of cylinder QB, 
:: length of PA : length of QB (the bases being equal), 
// dep^ ofjP I depth of Q, 

Oon. If pressure at r=pressvae9A,Q 
depth of jP= depth of Q. 
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Tho pressure of the atmosphere on the surface of the fluid 
is not taken into account^ but we shall shew hereafter how it 
affects the pressure at a point in the interior of a fluid. 

36. Ths surface of a heavy inelastic fluid at rest i$ 
horizontal. 



D 
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Let A and B bo two points in tho same horizontal plane 
in the interior of a heavy fluid at rest. 

Suppose the fluid contained in a small horizontal cylinder 
of fluid, of which ^^ is the axis, to become solid. 

Then, fluid pressure on end ^= fluid pressure on end B 
(Art. 34), and, since the ends are equal, 

fluid pressure at point A = fluid pressure at point B, 

Hence A and B are at tho samo depth below tho surfaca 
of the fluid (Cor. Art. 35), and if we draw AC, BD vertically 
to meet the surface in C7, 2>, 

AG=BD, 
also, ^C7 is parallel to BD ; ^jm 

\\ CD is parallel to AB (EucL L 33) : 

.*. CD is horizontaL 

Similarly any other point in the surface may be proved to 
be in the same horizontal plane with Cor D; 

.*. the surface is horizontal. 

37. The proposition that tho surface Q.t %. ^tss^ v&. ^ts^ 
is horizontal is only true when a v«r! Tao^««^^ ^-^^s^* ^ 
Mor&ce is taken. 

Large surfaces of water assome, m ccsoaes^e^^^^ 
MUnctioB exercised by the eartli, a apYiftrvcs^ loxav. 
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The following practical results ore worthy of notice: 

(1) All fluids find their level. If tubes of Yorious shapes^ 
some largo and some small, some straighfand others bcnt^ be 
placed in a closed yessel full of water, and water be then 
poured into one of the tubes, the fluid will rise to a uniform 
height in it and all the other tubes. 

(2) If pipes bo laid do^7n from a reservoir to any 
distance, the fluid will mount to the same height as that to 
which it is raised in the reservoir. 

(3) The surface of a fluid at rest furnishes a means ot 
observing objects at a distance in the same horizontal plane 
with a mark at the place of observation. 

33. We have seen that in an inelastic fluid at rest the 
pressure at any point depends on the depth of that point 
below the surface of the fluid, that is, on the length of the 
vertical line drawn from the point to meet a horizontal line 
drawn through the highest point in the fluid. 

Thus if ABC be a conical vessel with a horizontal bose^ 
standing on a table, and filled with fluid, the pressure at any 
point P is determined in the following manner. 




From A^ the highest point of the fluid, draw a vertical line 
meeting the horizontal plane passing through P in the point Q. 
Then the pressure at P= pressure at Q, because P and Q 
mre in the same borizontal plane. 
^ue prossuro at Q depends on the loiiglli oi AQ\ 
^^^'^ore pressure at ^ depends on tlio leuglVi ol PR»«b'N2flaa 
w» vertically to meet the horizontal lino AJEL. 
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39. Xf a vessel, qf which the bottom is horizontal and 
the tides vertical, he filled with fluid, the pressure on the 
bottom will he equal to the weight 0/ the fluid. 




Fig.L 



Plg.n. 



Fig.m. 



Let ACDB (fig. I.) bo a vessel whose bottom, CD, is hori- 
zontal, and its sides vertical. We. may consider the fluid in 
this vessel to be made up of vertical columns of fluid. Each of 
these columns will press vertically downwards with its weight, 
and the sum of these pressures ^dll be the weight of the fluid. 
Now the base of the vessel, being horizontal, will sustain all 
these vertical pressures; 

.*. pressure on the base of the vessel = weight of the fluid. 

If the sides of the vessel be not vertical, as in figs. II. and 
III.9 the pressure on the base will be equal to the weight of a 
column of fluid ECDF, EG and FD being perpendicular to 
CD, and EF being the surface of the fluid. 

Hence if in the three vessels the bases are equal and 
on the same horizontal plane, and the fluid stands at the same 
height in the vessels, the pressure on the base in each case 
will be the same. 

The fluid in vessel I. produces a pressure on the base equal 
to its own weight. 

The fluid in vessel II. produces a pressure on the base less 
than its own weight. 

The fluid in vessel III. produces a pressure on the base 
greater than its own weight. 
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Examples. — II. 

(1) If the pressure at a depth of 32 feet be 15 lbs. to the 
square inch^ what will the pressure be at a depth of 42 feet 
8 inches ? 

(2) If the pressure at a depth of 8 feet be 14f lbs. to the 
square inch, what will be the pressure at a depth of 20 ft 6 in.? 

(3) In two uniform fluids the pressures are the same at 
the depths of 3 and 4 inches respectively : compare the 
pressures at the depths of 7 and 8 inches respectively. 

(4) In two uniform fluids the pressures are the same at the 
depths of 2 and 3 inches respectively : compare the pressures 
at the depths of 9 and 12 inches respectively. 

(5) Find the height of a column standing in water 30 feet 
deep, when the pressure at the bottom is to the pressure at 
the top as 3 to 2. 

(6) If the pressure of a uniform fluid, not exposed to 
external pressure, be 15 lbs. to the square inch at a depth of 
15 feet, what will be the pressure at a depth of 12 feet ? 

(7) If the pressure of a uniform fluid, not exposed to 
external pressure, be 3 lbs. to the square inch at a depth of 
4 feet, what will be the pressure on a square inch at a depth of 
12 feet? 

(8) What is the pressure on the horizontal bottom of a 
vessel filled with water to the depth of 2^ feet, the area of the 
base being 20 square feet, and the weight of a cubic foot of 
water 1000 oz. ? 

(9) A cubic foot of mercury weighs 13600 oz. Find the 
pressure on the horizontal base of a vessel containing mercury, 
the area of the base being 8 square inches, and the depth of the 
mercury 3 inches. 

(10) What is the pressure on the horizontal base of a vessel 
filled with water to the depth of 15 feet, the area of the base 
being 24 square feet, and the weight of a cubic foot of water 
1000 oz. ? 

(11) A cistern shaped like an equilateral triangle of which 
one side is 6 feet is tilled with water to ttie depWi ot t«o i^^eit \ 

&id the pressure on the base, the ¥?eig\it ot a cjoXAa \wA. rA 
^»^r being 1000 oz. 
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(12) The spout of a teapot springs from the middle point 
of one side, and its upper extremity is on a level with the lid. 
If the spout be broken off half-way, how high can the teapot be 
fiUed? 

(13) When bottles that have been sunk in deep water have 
been brought up, their corks have been found driven in. How 
do you explain this ? 

(14) If a pipe, whose height above the bottom of a vessel is 
112 feet, be inserted vertically in the vessel, and the whole be 
filled with water, find the pressure in tons on the bottom of 
the vessel, the area of the bottom being 4 square feet, and the 
weight of a cubic foot of water 1000 oz. 

(15) A hole, a square inch in area, is bored in the flat 
cover of a vessel full of water, and a smooth piston weighing 
7 lbs. 13 oz. is fitted into it; a vertical tube is then fitted into 
another hole in the cover, and water is poured into it: find 
how high the water must be made to ascend in it in order that 
the piston may be driven out^ a cubic foot of water weighing 
1000 OB. 



CHAPTER III. 



On Specific Gravity, 

40. Some substances are from the nature of their compo- 
sition more weighty than others. We call gold a heavier metal 
than lead, because we know by experience that a given volume 
of gold is more weighty than an equal volume of lead. 

41. We make a distinction between the terms weight and 
weightiness. 

We speak of the weight of a particular lump of gold or iron. 

We speak of the weightiness of gold or iron, not referring 
to any particular lump, but to the special characteristics of the 
metals in question. 

Further we say that gold is heavier than iron, having no 
particular lump of the metals in view, but expressing our 
notions of the degree of weightiness that is peculiar to either 
substance. 

This degree of weightiness is known by the name Specific 
Gravity. 

Dbp. The Specific Gravity of a substance is the degree of 
weightiness of that substance. 

42. If of two substances, one of which is twice as weighty 
as the other, we take two lumps of equal volume, the weight 
of one lump is evidently twice that of the other : and, generally, 
if one substance be S times as weighty as the other, the weight 
of any volume of the first is S times the weight of an equal 
volume of the other. Now by a substance, the measure of the 
specific gravity of which is S, we mean a substance which is S 

tames as weighty as the standard by which specific gravities are 
ostimated. Therefore any volume of this aub&latiiQ© wlil-fi^V^V^ 
iS'timea as much as the equal volume of tlie BtMiA»i^ 
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43. The requisites for a Standard are that it should be 
definite and uniform, and these requisites are possessed by 
Pure Distilled Water at a certain temperature. This substance 
is therefore taken as the standard for estimating the specific 
graidties of solid bodies and inelastic fluids. 

44. When we say that the specific gravity of gold is 19, 
we mean that the specific gravity of gold is 19 times that of 
Pure Distilled Water, and therefore a given volume of gold 
weighs 19 times as much as the same volume of distilled water. 

46. To measure the Weight of a body we must have a unit 
of weight, and to measure the Volume of a body we must have 
a unit of volume. These units we may select in any way that 
may suit our purpose, and we connect them with the unit of 
specific gravity by the following convention : 

The unit of specific gravity is tJie specific gravity of tliat 
substance of which a unit of volume contains a unit of weight, 

46. To find the numerical relation existing "between the 
measure cf the specific gravity cf a substance and the mea- 
sures of the weight and volume cf any given quantity cf the 
substance. 

Let W represent the measure of the weight of a substance, 
that is the number of times it contains the unit of weight. 

Also, let V represent the measure of the volume of the 
substance, that is the number of times it contains the unit of 
volume. 

And let S represent the measure of the specific gravity of 
the substance, that is the number of times it contains the unit 
of specific gravity. 

Then one unit of volume of this substance will weigh aS^ 
times as much as a unit of volume of the standard substance, 
^ Art. 42) that is, its weight is S times the unit of weight. 

Therefore the weight of V units of volume is VS times 
the unit of weight; 

therefore the measure of the weigjit ol V \sss^ ^sR. ^^sas^w^ 
of the substance is VS; 

bat this measure we have denoted Vj W \ 
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47. The equation FF'= VS gives us merely the relation 
between three numbers, and two of these must be given in 
order that we may determine the third. 

When we have found it we know the measure of the weight 
or volume or specific gravity, as the case may be, and we must 
have the unit of weight, or of volume, or of specific gravity also 
given to enable us to determine the weight or volume or 
specific gravity of a particular substance. So that we may put 
it thus : 

measure of weight = Fas', 

W 

meaaure of volume = -^- , 

W 
measure of specific gravity =-7^ ; 

'ind 

weight = Fas' times (unit of weight), 

W 
volume = -cT times (unit of volume), 



W 

specific gravity =-Tp times (unit of specific gravity). 



48. A cubic foot of pure distilled water at a temperature 
of 62® Fahrenheit weighs about 998 oz., and for rough calcula- 
tions it is assumed that the weight of a cubic foot of water is 
1000 ounces. 

Then if we take 1 cubic foot as our unit of volume and pure 
distilled water as our standard of specific gravity, the unit of 
weight will be 1000 ounces. 

Or if we prefer to take 1 lb. avoirdupois as our unit of 
welffbt and pure distilled water as our standard of specific 

gmvity, the unit of volume will be r-^jr;; o£ a eviiVAc tooV^, V3aaX \& 
«^^ cub. ft. 
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49. We shall next explain how quantities are measured ; 
and then we shall give three examples, worked out first on the 
supposition that 1 cubic foot is taken as the unit of volume, and 
secondly, on the supposition that 1 lb. avoirdupois is taken as 
the unit of weight, so that the student may see that the same 
result must follow from both suppositions, and that such a 
choice may be made as to the units as may be suitable to any 
particular case. 

60. To measure any quantity we fix upon some definite quan- 
tity of the same kind for our standard, or unit^ and then any 
quantity of that kind is measured by finding how many times it 
contains this unit, and this number of times is called the 
measure of the quantity. 

For example, if one pound avoirdupois be the unit of weight, 
the measure of 16 lbs is 16. Or, to put our calculations in a 
tabular form, we may give the following Examples : 



Measure. 

8. 

1 
4* 

5760 
7000 * 

3 



Unit. 


Quantity. 


1 lb. avoird. 


8 lbs. 


1 lb. avoird. 


4oz. 


I lb. avoird. 


1 lb. troy. 


1 cub. ft. 


6 J cub. ft. 


1 cub. ft. 


3 cub. in. 


1000 oz. av. 


14 lbs. av. 


•016 cub. ft. 


6 cub. in. 



1728 * 

14x^6 
1600 • 



1728 X 016* 
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51. First, when 1 cubic foot is taken as the unit of volume, 
and consequently 1000 oz. as the unit of weighty to solve the 
following examples : 

Ex. (1) The specific gravity of lead is 11*4, find the 
weight of 720 cubic inches of lead 

Weight required = VS (unit of weight) 

= C^z X 11 -4) times 1000 oz. 

= 4760 oz. 

= 296 1 lbs. 


Ex. (2) If 5 cubic feet of a substance weigh 240 lbs., what 
is its specific gravity ? 

w 

Sp. gr. required = -^ (unit of specific gravity) 

240 X 16 

- (unit of specific gravity) 



6 
240 X 16 



(unit of specific gravity) 



1000 X 6 
= '768 (unit of specific gravity). 

Ex. (3) What is the volume of a substance whose specific 
gravity is 9*6 and whose weight is 4200 lbs. ? 

„ j^ 4200x16 cr a./» 

^^^^=-Iooo-'^=^^- 

W 
Volume required =-^ (unit of volume) 

42 00x16 

1000 , -. 
• cub. ft. 



d-6 
= 7 cub. ft. 
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52. Secondly, when 1 lb. ayoirdupois is taken as the unit 
of weight, and consequently '016 cub. ft. as the unit of Tolume, 
our examples will st^d thus : 

Ex. (1) 



Weight required = FA^^unit of weight) 

•016 ^^^•^)^^ 



= (j^ X ^ X 11-4 ) times 1 lb. 



= 296 hbs. 

o 



Ex. (2) 

Here ^=240, ^=.-~g. 

W 

Sp. gr. required = -7^ {^^^^ ^^ specific gravity) 

240 
= - (unit of specific gravity) 



•016 
240 X 016 



(unit of specific gravity 



5 
= '768 (unit of specific gravity). 



Ex. (3) 



Here pr= 4200, /S'= 9*6. 

TV 
Volume required = -^ (unit of volume) 

4200 .. ^,^ , ^ 
= " _ times '016 cub. ft. 

4200 X 16 , ^ 
= 7 cub.^ 
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53. If a number of substances be put together to form a 
mixture, we shall generally have the following relations : 

(1) sum of measures of weights of compounds « measure of 
weight of mixture. 

(2) sum of measures of volumes of compounds = measure of 
volume of mixture. 

Thus if MTi, Wj, tTg, be the measures of the weights, 

^i> ^a> ^3» volumes, 

*ij *2> *3> specific gra- 
vities of the compounds, and 

w, Vf 8 the measures of the weight, volume and 
specific gravity of the mixture, we shall have 

«?! 4- «C, + tTg + =tD, 

VifV^ + V^+ =^l 

and therefore 

t?i*i + t?2*a + ^3*3 + = v», 

oi oq Oo 9 

Note. We say that these relations hold generally, because 
in some cases, when substances are mixed, the volume of the 
mixture is not equal to the sum of the volumes of the two 
substances. For instance, 70 pints of sulphuric acid mixed 
with 30 pints of water will make a mixture of less than 99 pints. 

64. In applying these formulae to the solution of examples, 
we may take any unit of volume or of weight, adhering to 
it through the whole calculation. 

Ex. (1) To find the specific gravity of a mixed metal com- 
posed of 5 cubic inches of copper, specific gravity 9, and 8 cubic 
inches of tin, specific gravity 7*2. 

Since v^ s^ + «?j «j = w, 
if we take 1 cubic inch as the unit of volume, we have 

6x9 + 8x7*2=(6 + 8)*; 

45 + 57-6 ^^^ 

— 13 — -^'^^ nearly. 
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Ex. (2) Ten pounds of fluid, specific gravity 1'05, are 
mixed with 15 pounds of distilled water. Find the specific 
gravity of the mixture. 

if we take 1 lb. as the unit of weight, we have 

10 15^26 



105 1 8 

2 5 

105 8 

' 5 _ 5-15 
•*• « " 1-05 ' 

105x5 105 ,^,^ , 

•*'=-5i5-=ro5^^*^^^'^'"^^^- 

65. The Density of a substance is the degree of closeness 
with which the particles composing the substance are peeked 
together. 

The difference between density and specific gravity may 
be stated thus : in estimating the density of a body we take 
into account the quantity of matter contained in a given 
volume : in estimating the specific gravity of a body we take 
into account the effect of the action of gravity on a given 
volume. 

If we take the same substance, as pure distilled water, 
as that to which we refer as a standard in measuring the 
density and specific gravity of another substance, the 
measures of the density and specific gravity will be the 
same. 

Examples. — III. 

(1) The specific gi'avity of copper is 8*91 ; find the weight 
of 612 cubic inches of copper, a cubic foot of water weighing 
1000 oz. 

(2) If 4 cubic inches oi Vtou n«^\^ ^ ^>f^ "^ T* "^^ 
inches of amber, compare t\i© apecaSic ^c^n^^ar^ ^^ '^'^ 

amber. 



28 ON SPECIFIC GRA VIT Y. 

(3) The specific gravity of mercury being 13*5, find the 
weight of one cubic inch of it, having given that a cubic foot of 
water weighs 1000 oz. 

(4) If two cubic feet of a substance weigh 100 lbs., what is 
its specific gravity ? 

(5) Find the weight of 36 cubic inches of cork, whose 
specific gravity is 024. 

(6) A cubic foot of water weighs 1000 oz., what wiU be 
the weight of a cubic inch of a substance whose specific gravity 
is3? 

(7) What is the specific gravity of a body of which m 
cubic feet weigh w lbs. ? 

(8) Five cubic inches of iron weigh 22^ oz., what is the 
specific gravity of iron? 

(9) Twelve cubic feet of dried oak weigh 875 lbs., what is 
the specific gravity of the wood ? 

(10) Twenty-six cubic feet of ash weigh 1371 J lbs., what is 
its specific gravity ? 

(11) A metal, whose specific gravity is 15, is mixed with 
half the volume of an alloy whose specific gravity is 12, find the 
specific gravity of the compound. 

(12) Two metals are combined into a lump the volume 
of which is 2 cubic inches ; \l cubic inches of one metal weigh 
as much as the lump, and 2^ cubic inches of the other metal 
weigh the same. What volume of each of the two metals is 
there in the lump ? 

(13) Two substances whose specific gravities are 1*5 and 
3*0 are mixed together, and form a compound whose specific 
gravity is 2*5 ; compare the volumes and also the weights oi 
the two substances. 

(14) The specific gravity of sea-water being 1*027, what 
proportion of fresh water must be added to a quantity of 

^ea^ water that the speci&c gravity of the compowii^ xftSL-^ \i^ 
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(15) Equal weights of two substances whose densities are 
3'25 and 2*75 are mixed together ; find the density of the 
compound. 

(16) Equal yolumes of two substances whose specific 
gravities are 2*5 and 1'5 are mixed together; what is the 
specific gravity of the compound ? 

(17) Five cubic inches of lead, specific gravity 11*35, are 
mixed with the same volume of tin, specific gravity 7*3; what is 
the specific gravity of the compound ] 

(18) A mixture is formed of equal volumes of three 
fluids; the densities of two are given and also the density 
of the mixture. What is the density of the third fluid ? 

(19) Ten cubic inches of copper, specific gravity 8*9, are 
mixed with seven cubic inches of tin, specific gravity 7*3 ; find 
the specific gravity of the compound. 

(20) Three fluids, whose specific gravities are *7, *8 and 9 
respectively, are mixed in the proportion of 5 lbs., 6 lbs., and 
7 lbs. What is the specific gravity of the mixture ? 

(21) The specific gravity of pure gold is 19*3 and of copper 
8*62 ; required the specific gravity of standard gold, which is it 
mixture of eleven parts of gold and one of copper. 

(22) When 63 pints of sulphuric acid, specific gravity 1*82,. 
are mixed with 24 pints of water, the mixture contains only 
86 pints. What is its specific gravity '\ 

(23) If three fluids the volumes of which are 4, 5, 6 and 
the specific gravities 2, 3, 4 are mixed together, determine 
the specific gravity of the compound. 

(24) The specific gravity of quartz is 2*62, and that of gold 
19*35 ; a nugget of quartz and gold weighs 11*5 oz., and ita 
specific gravity is 7*43 ; find the weight of gold in it 

(25) An iron spocn is gilded, and the mean specific gravity 
of the gilded spoon is 8 ; those of iron and gold are 7*8 and 
19*4 : find the ratio of the volumes and weights of the metals 
employed. 



CHAPTER IV. 

On the Conditions of Equilibrium of Bodies under the 

Action of Fluids, 

56. When a body is wholly or partially immersed in a fluid, 
it is a general principle of Hydrostatics that the restUtant 
pressure qf the fluid on the surfa/x of the body is equal to the 
weight of the fluid displaced. This principle we shall prove 
ioT two cases in Articles 57 and 61. 

(1) "When the body is wholly immersed in the fluid : 

(2) When the body is partially immersed in the fluid. 

67. Toflnd the resultant Pressure qf a Fluid on a body 
^vholly immersed and floating in a fluid. 




iait. 



^ Let A he& body floating in a ftuid aad "wYioW-j \xfiiixi<^T«ft^ 
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Imagine the body removed and the vacant space filled with 
fluid of the same kind as that in which the body floated. 

Then suppose this substituted fluid to become solid. 

The pressure at each point of its surface will still be the 
same as it was at the same point of the surface of A 

The solidified fluid is kept at rest by 

(1) The attractions exercised by the earth on every par- 
ticle of its mass : 

(2) The pressures exercised by the fluid at the different 
points of its surface. 

Hence the resultants of these two sets of forces must be 
equxd in magnitude and opposite in their lines 0/ action. 

Now the resultant of set (1) is called the weight of the 
solidified fluid and acts vertically downwards through its centre 
of gravity. 

Hence the resultant of sot (2) is equal in nia^itude to the 
weight of the solidified fluid and acts vertically upwards 
through its centre of gravity. 

Now since the pressures on the solidified fluid are the same 
as on the body A^ we see that the resultant pressure of the 
fluid on ^ is equal to the weight of the fluid displaced by A 
and acts vertically upwards through the centre of gravity of 
this displaced fluid. 

This principle we shall now apply to the following Ex- 
amples in Statics. 

68. Ex. I . Find the conditions of equilibrium qf a body 
floating in a fluid and wholly immersed in it. 

The body A (see diagram in Art 57) is kept at rest by 

(1) Its weighty acting vertically downwards through its 
centre of gravity : 

(2) The pressures of the fluid on its surCac^^tK^t^KciiMss^ 
of which is equal to the weigU ot t\ie^ ^xiA ^«^^^^R«^^n ^ ^^ 
acta verticdlj upwards tViro\ig\i \5ttfe ccoJcKk ol ^gcK^'^i ^ 
faid displaced. 
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Hence 

(1) Weight of .4 = weight of fluid displaced by A : 

(2) The centres of gravity of A and of the fluid displaced 
are in the same vertical line. 

These are the conditions of equilibrium. 

Note, A diflSculty often occurs with beginners in conceiving 
how a solid body can be in equilibrium in the midst of a 
fluids neither rising to the surface nor sinking to the bottom. 
It may however be proved by experiment that a hollow ball 
of copper, such as is used for a ball-tap, may be constructed 
of such a weight relatively to its size that when placed in water 
it will remain where it is placed, just as the body A is re- 
presented in the diagram. 

59. Ex. II, Find the conditions of equilihriuTn for a 
body of uniform density wholly immersed in a fluid and in 
part supported by a string. 




Let a body the measure of whose volume is F be suspended 
by a string from the fixed point .^ so as to float below the sur- 
f^ of a fluid. 

The body is kept at rest by 
(2) its weight, 
(2) the pressures of the fluid on ita svuriaAQ, 
C^J the tension of the string. 
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Now (1) is equivalent to a single resultant acting vertically 
doionwards through the centre of gravity of the 
body; 

(2) is equivalent (by Art. 57) to a single resultant, 
equal to the weight of fluid displaced and acting 
vertically upwards through the centre of gravity 
of the fluid displaced : 
(and these two centres of gravity coinciding) 

therefore (3) must act (see Statics, Art. 52) upwards in the ver- 
tical line through this oommon centre of gravity, 

and (1) must be equal to the sum of (2) and (3). 

Hence, if 

S be the measure of the specific gravity of the body, 

S' ofthefluid, 

T of the tension of the string, 

there is equilibrium when 

VS=^VSf^T 

or r= F{S-J^. 



Ex. A piece of metal, whose specific gravity is 7*3 and 
volume 24 cubic inches, is suspended by a string so as to be 
wholly immersed in water. Find the tension of the string. 

TaMng 1 cubic inch as the unit of volume, and consequently 

-r-z^ oz. as the unit of weight, 
l7^2o 

tension of string=24 (7*3-1) x — oz. 

24 X 6*3 X 1000 
1728 '^^• 
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60. Ex. (3) If a body of uniform density he immersed 
in a fluid and he prevented from risivg hy a string attached 
to the hottcm of the vessel containing the fluids find the 
tension of th-e string. 




Let a body, the measure of whoso volume is F, be kept 
under the surface of a fluid by a string fastened to -4, a point 
in the base of the vessel. 

The body is kept at rest by 

(1) its weight, acting vertically downwards, 

(2) the tension of the string, acting vertically down- 
wards, 

(3) the resultant of fluid pressures on the body, acting 
vertically upwards. 

Hence, if 
ThQ the measure of the tension of the string, 

S specific gravity of the body, 

S '. specific gravity of the fluid, 

since there is equilibrium, 

.\ r= F5'- FS 
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61. To find the resultant pressure of a fluid on a bodjf 
partially immersed and floating in the fluid. 




Let ABCD be a body partially immersed and floating in 
a fluid, the pai't BCD being below the surface of the fluid. 

Imagine the body removed and the vacant space BCD 
filled with fluid of the same kind as that in which the body 
floated. 

Then suppose this substituted fluid to become solid. 

The pressure at each point of its surface will still be the 
same as it was at the same point of BCD, 

The solidified fluid is kept at rest by 

(1) the attractions exercised by the Earth on every 
particle of its mass, 

(2) the pressures exercised by the fluid at the different 
points of its surface*- 

Hence the resultants of tbeae Ivjo %^\& ^^ ^w^'i^ -Kss^^>^ 
equal in magnitude and oppo^xi^ in tlieir Uues oj acUora. 



* Tbxvugbout this chapter the space occvtp\«A 'S)^ ^.>^» «« ^ ««a.^^>^^ 



va>i< 



raeuma, - . - ^ o 

"St. — --* 
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Now the resultant of set (1) is called the weight of the 
solidified fluid, and acts vertically downwards through its 
centre of gravity. 

Hence the resultant of set (2) is equal in magnitude to the 
weight of the solidified fluid, and acts vertically upwards 
through its centre of gravity. 

Kow since the pressures on the solidified fluid are the same 
as on the surface BGD^ we see that the resultant pressure of 
the fluid on the floating body is equal to the weight of the fluid 
displaced, and stcts vertically upwards through the centre of 
gravity of the displaced fluid. 

This principle we shall now apply to the following examples 
in Statics. 



62. Ex. I. Find the conditions of equilibrium of a hody 
floating and partiaUy immersed in a fluid of uniform 
density. 

The body ABiJD (see diagram in Art. 63) is kept at rest by 

(1) its weight acting vertically downwards through its 
centre of gravity, 

(2) the pressures of the fluid on the surface BCD^ the 
resultant of which is equal to the weight of fluid displaced by 
the body, and acts vertically upwards through the centre of 
gravity of the fluid displaced. 

Hence 

(1) weight of the body = weight of fluid displaced ; 

(2) the centres of gravity of the body and of the fluid 
displaced arein the same vertical line. 

^e6& are the conditions of equilibrium. 
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63. Ex. II. When a body cf uniform density fioati in 
a fluids the volume of the part immersed is to the^olume of the 
whole body as the specific gravity of the tody is to the specific 
gravity qfthefiuid. 




Let rbe the measure of the volume of the whole body ABCD, 

V part immersed ^(7A 

S spedfiic gravity of the body, 

S^ specific gravity of the fluid. 

Then since, Art. 62, 

weight of floating body = weight of displaced fluid, 

.-. P : V :: S : S\ 

Ex. A solid, whose specific gravity is '4, floats in a fluid 
whose specific gravity is 1*2. What part of the solid is below 
tlie surface 1 

Let a be the measure of the part immersed, 
m the measure of the whole body. 

Then a : m='4 : V^\ 
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64. The Hydrostatic Balance. 

The Hydrostatic Balance is a common balance with a 
hook attached to the bottom of one of the scales from which 
a solid may be suspended and weighed successively (I) in air 
and (2) when immersed in a fluid. 




Call the scale to which the hook is attached A and the 
other scale B. Then by the weight of the solid in air we mean 
the weight which when placed in B balances the solid suspend- 
ed in air from A. 

And by the weight of the solid in the fluid we mean the 
weight which when placed in B balances the solid suspended 
from ^ so as to be immersed in the fluid. 

The diSerence between the^e weights is caused by the 
pressures of the fluid on the surface of the solid, tlie resultant 
of these pressures being a force acting vertically upwards and 
equicalent to the weight of tlie fluid displaced by the solid. 

Now if V\)Q the measure of the volume of the solid, 

S' specific gravity of the fluid, 

measure of weight of fluid displaced by the solid = VS'. 

65. To compare the specific gravities of a solid and a 
fluid by means of the Hydrostatic Balance, 

Let Vhe the measure of the volume of the solid, 

S^ 8pe c\ ft c gt ov \l^ o\* iVv^ ftol id , 

S^. .specvRc gravity o^W\<i^\\\^, 

^^ weig\iloi\Xiefto\\^m«AT. 
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Case I. When the solid is ofgreaUr specific gravity than 
the fluid. 

Let W be the measure of the weight of the solid in the fluid, 

then W^ W=i\iQ measure of the weijjht of fluid displaced 

by the solid, 

Also W^VS; 

VS _ W 






s _ w 

t 
and thus aS^ and ^ may be compared. 

Case II. WJien the solid is of less specific gravity than 
the fluid. 

Attach to the solid some heavy substance, called the sinker, 
which will make the solid sink with it in the fluid. 

Let w be the measure of the weight of the two bodies in air, 

a? in the fluid, 

y sinker in air, 

z in the fluid. 

Then 
t(?—;c= measure of weight of fluid displaced by the two bodies, 
y—z— the sinker. 

Subtracting, 
ti?—;p—y+;2r= measure of weight of fluid displaced by the solid 

also W^ VS\ 

W ^ S' 



• . 



and thus Sand S^ may be compax^id. 
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66. The eommon Hydrometer, 

The common Hydrometer consists of a straight stem AB 
terminating in two hollow spheres C and 2>. 2> is usually 
loaded with mercury, so that the instrument may float in a 
fluid with the stem vertical. 




The instrument is used in comparing the specific gravities 
of two fluids. The stem is marked with graduations by means 
of which it can be seen what part of the instrument is below 
the surface of the fluid in which it floats. 

When the instrument is placed in a fluid the measure of 
whose specific gravity is S^ suppose that the measure of the 
bulk of the part immersed is V, 

When the instrument is placed in a fluid the measure of 
whose specific gravity is /S", suppose that the measure of the 
bulk of the part immersed is P. 

Then weight of hydrometer = weight of first fluid displaced 

= V,S times the unit of weight ; 
and weight of hydrometer = weight of second fluid displaced 

= V, S' times the unit of weight : 
/. V. S= P. ^ ; 
.'. S : S' :: r : F; 
Md thus Sand S' may he compared, ainco V vcA V ^^^ 
iootra from the gradimtions. 
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67. Nickolson^s Hydrometer, 



v^ 



B 




This instrument consists of a hollow cylinder of copper A, 
from which a slender steel wire rises, supporting a dish G. 
An iron stirrup fixed to the lower end of A supports a heavy 
dish 2>. A fine well-defined mark is placed at some point B 
on the steel wire. 

This instrument is used for two purposes : — 

(1) To compare the specific gravities of a solid and a 
fluid. 

Let W be the measure of the weight which placed in C 
causes the hydrometer to sink in the fluid till the surface of 
the fluid meets the steel wire in B, 

Place the solid in C and let X be the measure of the weight 
added to make the instrument sink to B. 

Place the solid in D and let Fbe the measure of the weight 
placed in C7 to make the instrument sink to B, 

Then measure of weight of solid in air ~ W—X, 

in the fluid= W- F, 

.*. measure of weight of fluid displaced by solid 
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(2) To compare the specific gravities of two fluids. 

Let Pf^be the measure of the weigiit of the hydrometer, 
X and y the measures of weight to be placed in C to make the 
instrument sink to B in each fluid. 

The measure of weight of first fluid displaced^= W^-x^ 

second = W+j/y 

and, since the volume is the same in both cases, 

S. G. of first fluid IV+x 
S. G. of second fluid " W+y' 

68. To compare the specific gravities of two fluids by 
toeighing the same solid in each. 

Let S and S^ be the measures of specific gravities of the 
fluids, 

w and w^ the measures of weights of the solid when 
immersed in the respective fluids, 

W the measure of weight of the solid in air. 

Then J^-w= measure of weiglit of fluid displaced by 
solid in one case, 

^—«i/ = measure of weight of fluid displaced by solid 
in the other case ; 

S _ JV-to 
•'•/S'"" JV-u/' 
and thus S and JS' may be compared. 



Examples. — IV. 

(1) A piece of glass wlien weighed in water loses i^^ths 
of its weight; what is its specific gravity? 

(2) Find the pressure on 28 miles of a submarine tele- 
graphic cable whose circumference is 3 inches, the depth of the 
cable below the surface of the sea being 480 feet, and the 
specific gravity of sea water r026. 

(3) A body whose specific gravity is 3*3 floats on a fluid 
whose specific gravity is 44; what portion of the body will be 
Immersed ? 

^ IfiAe specific gravity of standard gold be 1 04, and the 
vre/nrht of a sovereign in tar be 5 dwts. 2\ gra., ^uOl\U vivsv^X. 
5» rrater. 



BODIES UNDER THE ACTION OF FLUIDS. 43 



(5) If a substance weigh 8 lbs. in air and 6 lbs. in water, 
what is its specific gravity % 

(6) A cylindrical tub of given weight floats with one-fourth 
of its axis below the surface of a fluid: find the least weight 
which will totally immerse the tub. 

(7) A body whose specific gravity is 1*4 floats in a fluid 
whose specific gravity is 21 j what portion of the body is im- 
mersed ? 

(8) A leaden bullet, weighing 1 oz., is placed in a glass 
of water standing on a table ; find the pressure of the bullet 
on the bottom of the glass, the specific gravity of lead being 
11-4. 

(9) A cubic inch of cork floats in water ; find the weight 
which mast be placed upon it to cause the half of it to be im- 
mersed, the specific gravity of cork being '24, and the weight 
of a cubic foot of water 1000 oz. 

(10) A cork, whose weight is 1 oz. and specific gravity '25, 
is attached by a string to the bottom of a vessel containing 
water so that the cork is wholly immersed. What is the ten- 
sion of the string ? 

(11) A person supports a ball of load, weighing 46 oz. and 
of specific gravity 11*5, wholly immersed in water, by holding 
the end of a string attached to the ball. What is the tension 
of the string ? 

(12) A vessel containing water is placed in one scale of a 
balance and weighs 1 lb. A piece of wood of specific gravity 
*24 and volume 1 inch is attached to the bottom so as to be 
immersed. What weight will now balance the vessel ? 

(13) A cube hanging by a string is half immersed in water. 
If the weight of the cube be a pound, and its specific gravity 
three times that of water, what will be the tension of the string ? 

(14) A certain substance weighs 30 oz. in water ^wsl^ASL^i., 
out of water. What is its specV^c ^«uN\Va^ 

(15) A substance vreigha \4\\ia. \tv ^^\«i^ iss^^i.^^'"^^^'^ 
o/ •rater. What is its spociftc gravSX*! % 
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(16) A substance weighs 12 oz. in air : a substance weigh- 
ing 20 oz. in water is attached to it, and the two together weigh 
18 oz. in water. What is the specific gravity of the former 
substance 1 

(17) A piece of mahogany weighs in air 375 grains, a 
piece of brass weighing 380 grains in water is attached to it, 
and the two together weigh in water 300 grains. What is the 
specific gravity of the mahogany 1 

(18) A piece of metal weighs 113 grains in water and 120 
grains in air. What is its specific gravity ? 

(19) A piece of calcareous spar weighs in air 190 grains 
and in water 120 grains. Find its specific gravity. 

(20) A body weighs 4 oz. in vacuo, and if another body 
which weighs 3 oz. in water be attached to it the two together 
weigh in water 2^oz. Find the specific gravity of the formeif 
body. 

(21) A piece of wood weighs 12 lbs., and when attached to 
22 lbs. of lead and immersed in water the two together weigh 
8 lbs. If the specific gravity of lead be 11*35 find the spe 
gravity of the wood. 

(22) If the sinker be equal in magnitude to the substance 
whose specific gravity is required, but double its weight in 
vacuo, and if the two together weighed in water would balance 
the sinker in vacuo, what is the specific gravity of the sub- 
stance? 

(23) The specific gravity of cork is '24, and the weight of 
a cubic foot of water is 1000 oz.; find the pressure necessary to 
hold down under water a cubic foot of cork. 

(24) A cylinder floats vertically in a fluid with 8 feet of 
its length above the fluid; find the whole length of the cylinder, 
the specific gravity of the fiuid being three times that of the 
cylinder. 

(25) A cylinder fioats with Jth of its bulk above the surfiEuse 
of A fluid whose specific gravity is '825, find the specific gravity 

oftite cylinder. 

(^^J Why 18 jt easier to swim in salt water tlaaai'm ii^^i'V 



BlgP 
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(27) Water is poured into a vessel containing mercury, 
and an iron cylinder alloTVed to sink through the water floats 
mth its axis vertical in the mercury. If the cylinder be 1 inch 
in length, find the length of the portion immersed in the mer- 
cury. The specific gravity of iron is 7*8, and that of mercury 
13-6. 

(28) A body, whose specific gravity is '6, floats on water; 
if the weight of the body be 1000 oz., find the number of cubic 
inches of it above the surface of the fluid. 

(29) A body containing 12 cubic inches weighs in air 8 lbs.; 
determine its weight in water. 

(30) If a cube float on water with one face horizontal, and 

a body weighing — — oz., when placed upon it, make it sink 

through an inch, find the size of the cube : a cubic foot of water 
weighing 1000 oz. 

(31) What is the specific gravity of a substance, if a hollow 
rectangular box, ten inches long, eight inches wide, six inches 

• deep, and a quarter of an inch thick, if made of this substance,, 
will just float in water ? 

(32) A lamina in the form of an equilateral triangle floats^ 
on a fluid with one of its sides horizontal and its vertex down- 
wards. If the density of the triangle be one-third that of the 
fluid, find the depth of its vertex below the surface. 

(33) A triangular lamina of uniform thickness floats in a. 
vertical position with its base horizontal and its sides half im- 
mersed in a fluid : compare the specific gravity of the lamina 
with that of the fiuid. 

(34) A symmetrical body, weighing 8 lbs., with a weight 
on the top floats just immersed in a fluid : how heavy must the 
weight be, in order that, when it is removed, the box may float 
with only one-third of it immersed ? 

(35) Find the specific gravity of a material such that a 
cylinder formed of it four inches long floats in water with three 
inches immersed. 

(36) If a cubic foot of water ^e^^\^^^^»L,^«si.^vf^ 
whage edge ia 18 inches weigfci 2.^50 o^.^)My« 1« ^w^ -^wci^aagvs 
wboee length ib 3 inches, formed oi XXi'ft ^asaa TaaXsseNS^^*^ 

cube, dnk in water ? 
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(37) A body, whose specific gravity is 27 and weight in 
vacuo 3 lbs., when immersed in a fluid weighs 2 lbs.; find the 
specific gravity of the fluid. 

(38) The specific gravity of mercury is 13*5 and that of 
aluminium is 2*6 ; how deep will a cubic inch of aluminium sink 
in a vessel of mercury 1 

(39) If a body floats on a fluid two-thirds immersed, and 
it requires a pressure equivalent to 2 lbs. just to immerse it 
totally, what is the weight of the body % 

(40) If a body weighing 3 lbs. floats on a fluid one-half 
immersed, what pressure will sink it completely ? 

(41) A piece of cork (s. g. = '24) containing 2 cubic feet is 
kept below water by means of a string fastened to the bottom 
of a vessel ; find the tension of the string. 

(42) Two bodies whose weights are tc-^ and w^ in air, weigh 
€ach %c in water ; compare their specific gravities. 

(43) The cavity in a conical rifle bullet is usually filled 
uith a plug of some light wood. If the bullet be held in the 
hand beneath the surface of the water, and the plug be then 
removed, will the apparent weight of the bullet be increased 
or diminished ? 

(44) A body, whose weight in air is 6 lbs., weighs 3 lbs. and 
4 lbs. respectively in two dift'erent fluids ; compare the specific 
gravities of the fluids. 

(45) A body whose specific gravity is 7*7 and weight in 
vacuo 7 lbs , when immersed in a fluid weighs 6 lbs. ; find the 
specific gravity of the fluid. 

(46) A solid sphere floats in a fluid with three-fourths of 
its bulk above the surface : when another sphere half as large 
again is attached to the first by a string, the two spheres float 

at rest below the surface of the fluid ; shew that the specific 

ST^yjtjr of one sphere is 6 times greater tWxv V\\?A, ol \\i^ 
^£aen 
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(47^ A piece of copper (s. G. = 8 85) weighs 887 grains in 
water, and 910 grains in alcohol; find the specific gravity of 
the alcohol. 

(48) A uniform cylinder, when floating vertically in water, 
sinks a depth of 4 inches ; to what depth will it sink in alcohol 
of specific gravity 079 ? 

(49) A compound of silver (so. = 10*4) and aluminium 
(s. G. = 2fi) floats half immersed in a vessel of mercury (s. o.= 
l.i5). What weight of silver is there in 10 lbs. of the com- 
pound ? 

(f)0) An iron rod weighing 10 lbs. is supported by means of 
a string, one-half of the rod being immersed in water. What 
force is exerted by the string, the specific gravity of iron being 
7-8i 

(ol) A piece of silver weighing 1 oz. in air weighs '905 oz. 
in water, what is its specific gravity ? 

(52) TwQ bodies weighing in air 1 and 2 lbs. respectively 
are attached to a string passing over a smooth pulley; the 
bodies rest in equilibrium when they are completely immersed 
in water. If the sy^ocific gravity of the first body be twice that 
of water, find the specific gravity of the second. 

(63) A cylinder 9 inches in height, specific gravity i, floats 
in water with its axis vertical ; find the height of the surface of 
the cylinder above the surface of the water. 

(54) Shew that if each division of the stem of the common 

hydrometer contains ~th part of the bulk of the hydrometer, 

the ratio of the specific gravities of two fluids, in which the 
hydrometer floats with x and y divisions of the stem out of the 
fluid respectively, is equal to m-y : m— ;c. 

(55) To a body which weighs 3 lbs. in air a piece of lead 
which weighs 5^ lbs. in air is attached, and the two together 
weigh 1} lbs. in a fluid whose specific gravity is 4. Find the 
specific gravity of^the body, that of lead being 11, 

(56) A substance weighs 10 oz. in water a.wi \^ <an./x^''^^^ 
hoi, the specific gravity of w\\\c\\ \^ -ISiM \:vkx^% K5«&5v. ^\^^^^ 
^nd the wmnber of cubic inchea \ti \^ve ^xife^^sxv^'^^'^'^^^'^ 
weight of a cubic foot, of v?ater aa \^^^ oi. 
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(57) A block of ice^ the volume of which is a cubic yard, 
is obseryed to float with ^ths of its volume above the surface, 
and a small piece of granite is seen embedded in the ice ; find 
the size of the stone, the specific gravities of ice and granite 
being respectively '918 and 2*65. 

(58) A cubical block of wood weighs 12lbs. ; the same 
bulk of water weighs 320 oz. ; what part of the wood will be 
below the surface when it floats in water 1 

(59) A board 3 inches thick sinks 2^ inches in water : what 
will a cubic foot of the same wood weigh, if a cubic foot of 
water weigh 1000 oz. ? 

(60) The specific gravity of beech-wood is '86. What por- 
tion of a cubic foot of that wood will be immersed in sea water 
whose specific gravity is 1*03 1 

(61) A cubical iceberg is 100 feet above the level of the 
sea, its sides being vertical Given the specific gravity of sea 
water =1*0263 and of ice=*9214, find the dimensions of the 
iceberg. 

(62) If a body of weight W float with three-quarters of 
its volume immersed in fluid, what will be the pressure on a 
hand which just keeps it totally immersed 1 

(63) Two hydrometers of the same size and shape float in 
two different fluids with equal portions above the surfaces ; and 
the weight of one hydrometer : that of the other wm :n; com- 
pare the specific gravities of the fluids. 

(64) A hydrometer, loaded with 40 grains, sinks 4 inches 
lower when floating in a fluid whose specific gravity is '3 than 
in water ; without the weight it rises in the water one-twelfth 
of an inch higher : find the weight of the hydrometer. 

(65) If the volume between two successive graduations on 
the stem of a hydrometer be ^im^^ P^ ^^ ^^ whole bulk, and 
it floats in distilled water with 20 divisions, and in sea water 
T^lth 46 divisions, above the surface; find the specific gravity 
of sea water. 

(66) A piece of lead is found to weigh 13 lbs. in water, and 

m6en a block of wood weighing 6lbs. is attached to it the two 

tqgBtber weigh Slha, in water. Find tJhie sj^ca&G ^wntej ^1 
^0 wood. 
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(67) What is the weight of a hydrometer which sinks as 
deep in rectified spirits, specific gravity '866, as it sinks in water 
when loaded with 67 grains ? 

(68) The weight of a body A in water of specific gravity 
= 1 is 10 oz., of another body B in air whose specific gravity 
= •0013 is 16 oz.; while A and B connected together weigh 
11 oz. in water: shew that the specific gravity of i? is 1*0713. 

(69) A substance weighs 20 oz. in water and 25 oz. in alco- 
hol, the specific gravity of which i^ '7947 times that of water ; 
find the number of cubic inches in the substance, taking the 
weight of a cubic foot of water as 1000 oz. 



CHAPTER V. 



On the Properties of Air, 

69. The thin and transparent fluid which surrounds us on 
all sides, and which we call the Air or the Atmosphere, is a 
material body which possesses weight and resists compression. 
We can prove by experiment that even a small mass of air 
has an appreciable weight, by exhausting the air from a glass 
vessel (by a process which we shall describe in the next 
article). We then find that the vessel weighs less than it 
weighed before the aif was taken out of it. 

That the air resists compression is evident from the force 
required to drive down the piston of a syringe when the open 
end is closed. 

Every body exposed to the atmosphere is subject to a 
pressure of nearly 15 pounds on each square inch of its 
surface. We feel no inconvenience from this great pressure, 
because the solid parts of our bodies are furnished with incom- 
pressible fluids, capable of supporting great pressures, while 
tAe boUow parts are filled with air like that which surrounds 
«ft ^ Also, since the atmosphere acts eq]aa\V5 on ^ ^«xV& ^i wa 
^fffdies, we have no difficulty in moving. 
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70. HawM)€^8 or ths common Air Pump, 
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AB and DE are two pistons with valves opening upwards, 
which are worked up and down two cylindrical barrels by 
means of the toothed wheel W in such a way that one 
piston descends as the other ascends. The barrels com- 
municate, by means of valves at C and F ox>ening upwards, 
with a pipe leading into a strong glass vessel V called the 
receiver. 

Suppose i? to be at its lowest position and therefore E at 
its highest position. Then as B ascends the valve at B closes, 
and the air in the receiver and pipe opens C and expands 
itself in the barrel. As soon as B begins to ascend E begins 
to descend, the valve at E opens, the valve at F remains 
closed. 

The air which before occupied the receiver and pipe, now 
occupies the receiver, the pipe, and one of the barrels, and is 
therefore rarefied. 

Now let the wheel be turned back : then as E ascends the 
valve at E closes and F is opened, and meanwhile B is opened 
as it descends, and C being closed, a quantity of the ra^^ed 
air is taken from the receiver and pl^. 

Tbia procew may be continme^ \.\\\ XJc^^ «a\a.*OsNfe^^^^ 
IB 80 rareGed that it cannot \\% \:\ie^iV^<^ ^^ ^ ""^^ ^ 
tboB the action of the instrnment xom^X. c«»»»^* , 
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71. SmecUon^s Air Pump, 



B 



nt 




u 



^(7 is a cylindrical barrel communicating with a strong 
vessel D called the receiver. At A and (7, the ends of the 
barrel, are valves opening upwards. 

A piston with a v^ve B opening upwards works up and 
down the barrel. Suppose the piston to be in its lowest 
position. Then as the piston ascends, the pressure of the air 
being removed from the upper surface of the valve at C, the 
air in DC opens C and expands into the barrel, while the 
valve at B is closed by the pressure of the atmosphere. 

Thus a quantity of air is drawn away from the receiver. 
As soon as the piston begins to descend, the v^ve at A is 
closed, B opens and C is closed, and no external air comes 
into the barrel or receiver. 

When the piston again ascenda l\iO aar Vdl ^^aftV^t^S^ 
*»& drawn out 
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The only limit to the exhaustion of the air by this pump 
arises from the difficulty in making the piston come into close 
contact with the valves at A and C, 



Note. The advantage of Smeaton's Air Pump is that since 
the v^ve at A closes as soon as the piston b^ns to descend 
it relieves B from the pressure of the atmosphere, and the 
valve at i? is opened by a very slight pressure from the air 
beneath. Hence this pump is capable of producing a greater 
degree of exhaustion than Hawksbee's. 

72. To find the density of the air in the receiver of 
Smeaton's Air Pump after n ascents of the piston. 

Let the measures of the capacities of the receiver and the 
barrel be respectively x and y. 

Then the air which occupied the space whose measiure is x 
when the piston was at (7, will occupy the space whose measure 
is ^+^ when the piston comes to A^ 

. density after one ascent _ x 
density at first "^ x + y^ 

:, density after one ascent = . (density at first). 

Similarly, 
density after second ascent = . (density after one ascent) 

= (^^) • (density at first), 
and so on ; 
/. density after »th ascent = ( J . (density at first). 

The same formula is appUcaVA^^jo^'awV^^o^^ ^^^^ 
If or represent the meaaure oit\i© csip«uG\\,i ^"^ ^^ "^^^^^Xswc 
pipe, and y the measure of the cai^ajcifci ol ^^stfSsx oii^ 
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73. The Barometer. 



The Bafometer ia an inatnunent for measuring the presaim 
of the atmoBphere. 

If we take a grlass tnbe &bout 32 inches long, open at A 
and closed at B, and fill it with mercor; : if we then close the 
end A, invert the tnbe, place it in a Tessel full of mercnry, 
called the batun, and tiien remove the stoppage from A, the 
mercury in the tube will sink a little, leaving a vacnum in BC, 
and resting when the height of the column GD, that is, the 
distance of the surface of the mercur; in the tnbe from the 
surface of the mercury in the basin, is from 28 to 31 inches. 

That the columo CD b supported by the pressure of the 
atmosphere may be shewn by placing the iastrument under 
the receiror of aa air pump. Then as the air is exhausted, 
the mercnry will uiik in the tube, and if all the air could be 
panipeA oat the mercniy would sink entirely into the vessel. 
?3*" eiporwjeni proves that the presBuro ot Oie ^ on &» 
iPO'A/ «iin!u« o/ t&e menury in the basin ■nstmna &« <»^'Q3&.'ii 
^tercurjia the tube. 
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74. To shew that the pressure of the atmosphere is ac- 
curately represented by the weight of the column qf mercury 
in the Barometer. 




Take in the surface of the mercury m the basm an area M 
equsl to the area of the horizontal section of the tube at D. 

Then area j3f=area of the base of the column of mercury 
in the tube, and since these areas are equal and in the same 
horizontal plane, the pressures on them are equal. 

Now pressure downwards on J!f= atmospheric pressure on 
area M, and pressure downwards at i>= weight of column of 
mercury CD. 

Therefore the atmospheric pressure on area M is equal to 
the weight of the column of mercury CD, 

It follows then that the atmospheric pressure on any area 
is equal to the weight of the column of mercwr^ \s&w ^K^ 
barometer, having the same area, iot \\,^\i^fi». 

Consequently the weigU oi t\i© co\\3l\s«l o'l xast^^ss^'^^^ 
barometer is the proper repteaeiitaXiVNek oi VJaa ^x«^«<^ 
Btmosphere on a given surface. 



»^ 
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75. Hence it follows that the height of the column 
of mercury in the barometer is pro- 
portional to the pressure of the atmo- 
sphere. 



If then we have a vertical tube of uni- 
form bore filled up to the level D with 
mercury, if i> be exposed to the atmo- 
spheric pressure and if Jf be some other 
level in the tube, and if h be the height of 
the barometric column, 





D 








M 






C 1 



pressure at 2> weight of a column of mercury of height h 
pressure at Jfcf "" weight of a col. of mercury of height (A + DM) ' 



h+DM' 



76. To find tJie Atmospheric Pressure on a Square Inch, 

The pressure of the atmosphere on a square inch is deter- 
mined by finding the weight of a column of mercury whose 
base is a square inch and whose height is the same as the 
height of the column of mercury in the barometer. 

Taking the specific gravity of mercury as 13*6, the weight 
of a cubic foot of distilled water as 1000 pz., and the height of 
the barometric column at the level of the sea as 30 inches, we 
have pressure of atmosphere on a square inch 



= (30 X 1x1x1-5?? X 13 



<■ 



1728 



■«) 



ounces, 



30 X 1000 X 136 

1728x10 ^^°^^'' 



=236^ ounces, 
=14}^f lbs. 
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77. In estimating the pressure at a point in the interior 
of fluid exposed to &e atmospheric pressure, we must add 
to the pressure on a unit of area containing the point the 
atmospheric pressure on a unit of area. 

Suppose for instance we have to find the pressure at a 
depth of 100 feet in a lake, (1) neglecting atmospheric pressure, 
(2) taking the atmospheric pressure into account. 

Take a square inch as the unit of area : then 

(1) Pressure at depth of 100 feet on a square inch 

= weight of a column of water 100 feet in 
height, resting on a base of a square inch 

= weight of a column of water whose cubic 
content is (100 x 12 x 1 x 1) cubic inches 

\1728 / 

1200 X 1000 



lbs. 



1728 X 16 
=43 I lbs. 

(2) Pressure at depth of 100 feet on a square inch 
= (43 i72 + ^^) ^^^- nearly, 
=68— lbs. nearly. 

78. The Atmosphere is most dense at the surface of the 
Earth, and its density diminishes with its height. Hence as 
one ascends a mountain the weight of the incumbent air is 
diminished, and the mercury in the barometer sinks. Thus 
the barometer furnishes a means of ascertaining approximately 
the height of a mountain. 

79. A Barometer might be formed with any fluid, but 
mercury is preferred to other fluids because of its great 
density. A Water-barometer must ha^r^ ^ ^xiSssfe ^\ '^g^'^s^ 
lengthy since the atmosphere swg^T^ ^ c^xsHsa. ^"^^^^^^^f^^ 
th&a 13 times as high as the coVxmwi o^l TCkax<sv«^ ^ojg^'t^J^ 

the mercurial barometer. 
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80. The pressure qf a given quantity qf air, ai a given 
temperature, varies inversely as ths space it occupies. 

The following proof by experiment establishes the truth of 
thb law. 

ABCi& a bent tube, cylindrical, uniform and vertical. Tlie 
branch AB is much longer than the branch EC. The end? 
are open. 

Mercury is poured drop by drop into the end A till the 
surface of the mercury in the two branches stands at the 
same level at P and Q. The end C is then closed. 

Then the pressure of air in (7Q=the atmospheric pressure. 



n 



J) 






R 




'a 



Let mercury be again poured in at ^, (the effect of which 
is to compress the air in CQ^ till the surface of the mercury in 
the shorter branch stands at R, halfway between C and Q, 

It 28 then found that the mercury in the longer branch 
will stand at a point I>, such that the leng^\i oi \\vb c^xmnv ^^ 
mercury 2?M (M being level with E) la exacW^ eqosXViVXMi 
^»At oftbo barometer at the time of ma\dngt^^e»BW^«2i^^^^- 
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K^ow pressure at -ar= pressure at iZ. 

But pressure at Jf= weight of column of mercury DM 

+ pressure of atmosphere at 2), 

= atmospheric pressure + atmospheric 
pressure = twice the atmospheric 
pressure; 

/. pressure of the air in CR = twice the atmospheric pressure. 

Hence the pressure of the air in CR is twice as great as^ 
was the pressure of the air in (7Q. 

That is, when the given quantity of air in CQ has been 
compressed into Aa(/'the space, the pressure of the compressed, 
air is twice as great as it was at first. 

81. The proof given in the preceding Article may be put 
in a more general form, R being any point between C and Q, 
thus : — 

Let mercury be again poured in at A till the surface of 
the mercury stands at D and R in the branches, and let Jf be- 
level with R. 

Then it is found that if the spaces CQ^ CR successively 
occupied by the air be measured, and if A be the height or 
the barometer at the time of performing the experiment, 

s pace CQ _ A + DM 
space CR "" h 

Now it is clear by Art. 76, 

pressure supporting air inCQ _ h 
pressure supporting air in OR "" K-v BIS? 

. pressure of aVr m CQ _^i5L^ 
pressure oi aVr \ii OR ^^ 
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Gob. Hence we can shew that the elastic force of air 
Yaries as its density. 

For since the same quantity of air is confined in CQ 
and 0/2 
density of air in C^ : density of air in CQ 

:: CQ : CR 

:: pressure of air in CR : pressure of air 
inCQ. 

82. The Condenser, 



fC> 



d^A 



B 



^C is a cylindrical barrel with a valve at the bottom, C, 
opening downwards into a vessel B, called the receiver. A 
piston with a valve A, opening downwards, works in the 
barrel. 

Suppose the piston to be at the top of the barrel. When 
the piston descends, the air in the barrel being condensed 
closes the valve at A, and opens the valve at C, Thus the 
air which was contained in the barrel is forced into the 
receiver. When the piston is raised again, the denser air in 
B keeps the valve at C closed, while the pressure of the 
atmosphere opens A, and the barrel is refilled with at- 
mospheric air, which is forced into the receiver at the next 
descent of the piston. 

The proceaa may be continued tUi t\iO reqjoar©^ csMai\i*»i 
'^irbaa been forced into B, 
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83. To find the density of the air after n descents of the 
piston. 

Let X and y be the measures of capacities of the receiver 
and barrel respectively. 

Then the air which occupied the space whose measure is 
x-k-yt when the piston wajs at the top of the barrel, will occupy 
the space whose measure is x when the piston comes to the 
bottom of the barrel ; 

density of air in receiver after one descent _ x±y^ 
density of air at first "" x * 

.*. density of air after one descent = — - . (density of air at first). 

X 

Similarly, 

density after second descent = . (density of air at first) 

and so on; 

.•. density after nth descent = . (density of air at first). 

X 



Examples. — V. 

(1) If the capacity of the receiver in Smeaton's Air Pump 
be ten times that of the barrel, what will be the exhaustion 
produced by six strokes of the piston ? 

(2) Find the pressure of the air in the receiver of an Air 
Pump after two strokes of the piston, the volume of the 
receiver being eight times that of the barrel. 

(3) Find the ratio of the ToVvmift ol ^iJoJ^ x^^w^t v^'^ksa^* ^ 
the barrel in the Air Pump, if aA. t\iQ «iA ^i '^Jcl^ »^x^^^jt^ 

the denaity of the air in the recewet •. ^«^ wses^^^'^^ 
:; 729 : 1000. 
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(4) Is it necessary that the section of the tube through 
which the mercury rises in the barometer should be the same 
throughout ? 

(5) Assuming that a cubic foot of water weighs 1000 oz. 
and a cubic inch of mercury weighs 7{ oz., find the pressure 
on a square inch at a depth of 90 feet below the surface of the 
sea, when the barom^er stands at 30 inches. 

(6) If the area of a section of the basia of a barometer be 
10 times that of a section of the tube, and the mercury fall \\ 
inches in the tube, find the true variation in the height of the 
mercury, and draw a figure representing the instrument. 

(7) If a hole were made in the tube of a barometer, what 
would be the effect? 

(8) If the weight of the column of mercury which is above 
the exposed surface in a barometer be an ounce, and the area 

of the transverse section of the tube ^r^ of a square in^h, what 

is the pressure of the atmosphere on a square inch? 

(9) When the mercurial barometer stands at 30 inches, 
what will be the height of the column in a barometer filled 
with a fluid of specific gravity 3'4, the specific gravity of mer- 
-cury being 13'6 ? 

(10) If a piece of iron float in the mercury contained in 
the tube of a barometer, will it have any effect on the indica- 
tion of the instrument ? 

(11) If a body were floating on a fluid, with which the air 
was in contact, and the air were suddenly removed, would the 
body rise or sink in the fluid ? 

(12) What would be the effect of admitting a little air 
into the upper part of the tube of the Barometer ? 

(13) A pipe carries rain water from the top of a house to 
a large tanl^ the surplus water in which escapes through a 
valve in the top which rises freely. A weight of 21 lbs is 

placed on it, a^d it is found that the water rises in the pipe 
to the height of 20 feet before the valve opena. Tm^*\\» «t^«s 

wauming that the height of tbe Water-Barome>\«t \& ^^i^\. 

fid the atmospheric pressure 15 lbs. on tbe ftq^aaie Vns^. 
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(14) A cylinder filled with atmospheric air, and closed by 
an air-tight piston, is sunk to the depth of 500 fathoms in the 
sea; required the compression of the air, assuming the specific 
gravity of sea-water to be 1*027, the specific gravity of mercury 
13*67, and the height of the barometer 30 inches. 

(15) A barometer is sunk to the depth of 20 feet in a 
lake: find the consequent rise in the mercurial column, the 
specific gravity of mercury being 13*57. 

(16) If a body, exposed to the pressure of the air, float in 
water, prove that it will rise very slightly out of the water as 
the barometer rises, and sink a little deeper as the barometer 
falls. 

(17) Water floats on mercury to the depth of 17 feet ; 
con^pare the atmospheric pressure with the pressure at a point 
15 inches below the surface of the mercury, taking into ac- 
count the atmospheric pressure on the surface of the water, 
having given that the heights of the mercurial and water 
barometers are 30 inches and 34 feet respectively. 

(18) Explain clearly why a balloon ascends. 

(19) Explain how it is that a bladder filled with air, will, 
if conveyed deep enough in the sea, sink to the bottom. 

(20) What would be the height of the column of mercury 
(s. a.= 13*56) corresponding to a pressure of 14 lbs. 2oz. on 
the square inch ? 

(21) A cubical vessel full of air, whose edge equals 6 
inches, is closed by a weightless piston. Find the number of 
pounds which must be placed on the piston in order that it 
may rest in equilibrium at a distance of 2 inches from the 
bottom of the vessel : the pressure of the atmosphere being 
15 lbs. on a square inch. 

(22) The lower valve o£ a pvrax^ Va ^^ ^'^^'^ ^.\ss.^^'«» "^1^ 
the surface oi the water t© be T?i.\a©^\ ^"^^^^^^^^^"^^ 

barometer when the pump cea^eft lo \?ox>s.^\\^ft'^'S^^^ 
of mercury being 13*6. 
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(23) It is found that the cork of a bottle is just driveu oat 
when the pressure of the air within is double that without; the 
bottle is then filled with mercury and inverted, and it is again 
found that the cork is just driren out Given that the 
barometer was standing at 30 inches at the time, find the 
height of the bottle. 

(24) Find the ratio of the volume of the receiver to that 
of the barrel in a Condenser, if at the end of the third stroke 
the density of the air in the receiver : its original density 

(25) A hollow cylinder closed at the upper end and open 
at the lower is depressed from the atmosphere into water, its 
axis being kept vertical, and is found to float with its upper 
end in the surface of the water. What will be the effect on 
the cylinder of an increase of atmospheric pressure ? 

(26) If the volume of the cylinder in a Condenser be one- 
fifth the volume of the receiver, find the pressure at any 
point of the latter after 20 strokes. 

(27) The pressure at the bottom of a well is double that 
at the depth of a foot; what is the depth of the well if the 
pressure of the atmosphere be equivalent to 30 feet of water % 

(28) A cubic foot of water weighs 1000 oz. ; what will be 
the pressure on each square inch of the base of a cube whose 
edges are 10 inches, when filled with water ? 

(29) A cubic foot of water weighs 1000 ounces^ and the 
pressure of the air on a square inch is 236 ounces ; find the 
pressure on 16 square inches at a depth of 9 feet below the 
surface of a pond. 

(30) If A, By C, be three points in a uniform fluid at rebi, 
the three points being in the same vertical line, and the dif- 

ference of the pressures at A and B : ^^exexiCQ o^ >iK<^ \ft^<&- 
surea at A B,ndC 2& p : ^, find the ratio oi AB \ft BC. 

(31) Explain the principle of the Aix-gati. 
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(32) If the area of the basin of a barometer be 17 times 
that of a section of the tube, how ought the stem to be gradu- 
ated in order that the reading may gire the true height of the 
barometer ? 

(33) If the specific grayity of mercury be 13*57, and the 
weight of a cubic inch of water 252*6 grains, find the pressure 
of the air on a square inch in lbs., when the mercury in the 
barometer stands at 30*5 inches. 

(34) If the tube of a barometer be 36 inches long, and, on 
account of air being in the upper part, the instrument stands 
at 27 inches, when a correct instrument stands at 30 inches, 
what length of tube would the air fill when reduced to atmo- 
spheric density % 

(35) The specific gravity of the weights employed by 
jewellers, for weighing precious stones, is greater than that of 
the stones themselves. Is it more advantageous for the jeweller 
to sell stones when the barometer is high, or when it is low ? 

(36) A tube closed at both ends and 28 inches long is half 
filled with mercury, the remaining portion being occupied with 
air at atmospheric pressure. If the tube be placed in a verti- 
cal position with the mercury uppermost, and the upper end 
be opened, find how far the mercury will sink, the height of the 
barometer at the time being 28 indies. 



CHAPTER VI. 
On the Application of Air. 



84. The Diving BeU. 




If a glass be inverted, and with its mouth horizontal be 
pressed down into a basin of water, it will be seen that though 
some portion of water ascends into the glass, the greater part 
of the glass is without water. 

This is caused by the compression of the air, which prevents 
the water from rising in the glass. 

The Diving Bell works on the same principle. A heavy 
iron chest BOED, open at DE, is suspended from a rope A, 
and lowered into the water, with its open end downwards. 
The water will then rise till the air in the chest is sufficiently 
compressed to prevent the water from rising beyond a certain 
heig-ht MN. 

Air ia pumped in occasionally tYiTO\ig\i «i "^\^ P^woSlVJiw!. 
iojpare air ia allowed to escape throngh. «aoV\ieic ^v^ Q. 
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85. The Ciymmcm or Suction Pump. 




ABv&2k cylindrical barrel in which a piston P, with a valve 
opening upwards, is worked up and down by the handle R. 
BCi» a pipe, communicating with the barrel by a valve, open- 
ing upwards. The end C, which is pierced with a number of 
small holes, is placed under the surface of the water which is 
to be raised. 

Suppose the piston to be at the bottom of the barrel. 
Then when the piston is raised the valve P is closed by the 
pressure of the air on its upper surface, and there being 
little or DO air in PjB, the valve B is opened by the action 
of the air in BC, and as it continues open during the whole as- 
cent of the piston, the air in BII, the part of the suction-pipe 
above the surface of the water, expands into the barrel, and 
becomes less dense than the air which presses on the water 
outside the suction-pipe. The water is consequently forced up 
the pipe by the pressure of the atmosphere, till the pressure 
downwards at ^ is equal to the atmospheric pressure. 

When the piston descends the valve B closes, and the air 
m PB, being condensed, opens the valve P. 

This process being continued, t\i^ -^i^^Kt -^t^^X^scs^^^c^sr. 
throi^A the valve B, and at t\ie nexX. «&<5WdX. ^1 ^Caa^v^^^ 
maaa of water vHU be lifted and ^aas^osfic^^^ ^SmojoJS. 
Bpont D, -_ 
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The distaDce BH miut be less than the hei^t of s column 
or water which the atmof^iheric preBsnre can sustain, that ia, 
less than 32 feet. 



B6. The Forcing Pump. 



AS Is a <7liudrii»I barrel in which a solid pisbm P it 
worked up and down the spsce AF. 

BO is a suction-pipe of which the end C is pteced nudsr 
the surface of the water, 

I>E is a pipe oommouicating with Qie barraL 
At 3 and D are valves opening upward& 

SapposetbepiatoD to he sX&a'bfAlasta «t VtkWl«a^a.<aM 
^lurel Tbm wbon the piston is rMae4aie-'rel''e»)!,D-MnMb* 
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dosed, the air in i>^J^ expands as the piston rises, and the air 
in BH opens the ralve B and expands into the barrel. The 
water is therefore forced up the suction-pipe by the pressure 
of the atmosphere. 

When the piston descends the air in PFBD is condensed^ 
closes the valve By opens the valve i>, and escapes through D. 

When the piston ascends again the water rises higher in 
BC, and this process is continued till the water rises through 
B, Then the piston on its descent forces the water up the 
pipe DE, 



87. In order to produce a continiioia stream through the 
pipe at Ey the pipe is introduced into an air-tight vessel DH 
into which the valve D opens. 




When the water has been forced into this vessel till it rises 
above O, the lower end of the pipe, the air whick \is^Vi5i«^'!^s^ 
the surface of the water in the vQaae\ wA >iJjvek \ft^ ^\"<ifta^'«%»*^ 
IB Buddenly condensed at each AtroVe ol \)ck^ ^\%\«^^ '«aSw>s^ ^ 

reaction on the water forces it tbxoxi:^ V>aft ^^V^^ OB^s^ ^ 

dttttom Btream. 
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88. The Fire Engine. 




mX 



This machine consists of a doable forcing-pump, bo 
pumps communicating with the same air- vessel Jf. 

The pipe T descends into a reservoir of water. 

The valves opening upwards are at F, V and R, B^. 

J^is a fixed beam round which the piston-rods work. 

The water is discharged through the pipe H. 
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89. The Lifting Pump. 

:e 



J^CZnII 




m:. 



^^ 



m^ET- 



AB is a cylindrical barrel in which a piston with a valve M 
opening upwards works, the piston rod passing through an air- 
tight collar at A, 

BG is the suction-pipe of which the end C is placed under 
the surface of the water. 

DE is a pipe up which the water is to be raised. 

At D and B are valves opening upwards. 

The water will be brought within reach of the piston by a 
process similar to that which has been described in the case of 
the other pumps. 

When the piston ascends lifting water the valve at 2> opens, 
and the water is discharged into the pipe DE, When the 
piston descends, the valve at D closes, and prevents the return 
of the water in DE into the barrel. 

Each stroke of the piston increases tha cjjis«>.^5&^'5iV^^^^xsv 
DE, and thus the water may \ie> T^v%^^\ft ^KCi^V^v^^^.^'S^"^^'^ 
that the barrel AB, the p\p© ED, «£A ^^V^^'^^^V!^^ 
enough to bear the pressiire oi t\i^ «x»pe«s^^^«»^^ 
<ater. 
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90. The SipJion, 

The Siphon is a bent hollow tube of uniform bore, having 
one branch longer than the other. The tube is filled with fluid, 
the ends are closed, and the shorter branch is placed in a vessel 
containing fluid like that with which the siphon is filled. 

Let the plane of the fluid's surface meet the branches of the 
siphon in H, K, 

Then if the ends A^ C be opened at the same moment, the 




fluid will flow from C in a continuous stream till the vessel is 
emptied down to the level of Ay provided that B, the highest 
point of the siphon, is at a less distance above the surface of 
the fluid than the height of a column of the fluid which the 
pressure of the atmosphere will sustain. 

To explain this, consider the pressure on an area 2), equal 
to the area of a horizontal section of the siphon, in the surface 
of the fluid : then 

pressure of atmosphere at ^in direction ^^= pressure 

on area 2>, 

pressure of atmosphere at (7 in direction C!^= pressure 

on area i>, 

.*. pressure of atmosphere at ^in direction ^j2?= pressure 
of atmosphere at Cin direction CB, 

Now pressure of atmosphere at H is diminished by the 
weight of column of fluid BHy and pressure oi «toko«^w^ %.\. 
^Jfir diminished by the weight of column oi fLm^B0,%5A«cM» 
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the column BG is greater than column BH^ the effective pres- 
sure of atmosphere in direction HB is greater than the effective 
pressure of atmosphere in direction (7^, and therefore the fluid 
will be driyen by the effective atmospheric pressure in a con- 
tinuous stream in the direction HBC, 



91. On intermitting Springs, 

Intermitting Springs are springs which run for a time, then 
stop for a time, and then begin to run again. 

This phenomenon is explained by the principle of the 
Siphon. 

Let ^ be a reserroir in a hill in which water is gradually 
collected through fissures, as B^ (7, i>, communicating Tiith tho 
external air. 




Now suppose a channel MNR to run from A^ first ascend- 
ing to N and then descending to R, a place lower than the 



reservoir. 



As the water collects in ^ it gradually rises in the channel 
to Nj and then flows along NR^ and by th^ ^Tvasx^^^ ^ ^"^sassk 
Siphon it will continue to fto^ \iv\\ A V^ wcK5jiaV^ ^"^"^ 
Then the How ceases till the N?aUx Vil AYl^c.^^'^*^^''^^'^'^ 
fy to reach iVI 
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92. BramMs Press, 

The Hydrostatic Press, generally called Bramah's Press, is 
a machine by which an enormous pressure is obtained by means 
of water, the only assignable limits to its power being the 
strength of the materials of which it is formed. 

ACi&2k forcing-pump, by the action of which water is forced 
into a tube BDy which has a valve B opening inwards. 

j^ is a strong cylindrical piston, with a base many times 
larger than the base of the piston A^ working in a water-tight 
collar at M, N. 
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Between the top of the piston E and a fixed beam FG^ a 
bale of goods, such as paper, cotton or wool, is placed. 

Suppose the area of the base of ^ to be 200 times that of 
the base of A, 

Then if a pressure of 100 lbs. be applied to A, a pressure of 
(200 X 100) lbs. or 20,000 lbs. will be conveyed to the base of J?. 
^ Thus any amount of pressure may be appAi^^V^ W, ^vther 
byincreaaiDg the pressure applied to A, ox \>^ m'8Jimi!£>3cL<a\»a» 
^^JargGK^ in comparison with the baae oi A. 
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Examples. — ^VI. 

(1) What will be the effect of making a small aperture in 
the barrel of a Forcing Pump ? If the piston work uniformly 
up and down the length of the barrel, and a small aperture be 
made one- third of the way up the barrel, how much more time 
than before will be consumed in filling a tank ? 

(2) If the upward motion of the piston of a Common 
Pump be stopped, when the water has risen to the height of 
16 feet in the supply pipe, but has not yet reached the piston^ 
find the tension or the piston-rod, the area of the piston being 
4 square inches, and the atmospheric pressure 15 lbs. on the 
square inch. 

(3) What would be the effect of opening a small hole at 
any point in the Siphon, first abore, secondly below the surface 
of the fluid in the vessel % 

(4) What is the greatest height above the surface of a 
spring over which its water may be carried by means of a 
siphon-tube, when the barometer stands at 29 inches, the 

. specific gravity of mercury being 13'67 ? 

(5) What would take place in a siphon at work if the 
pressure of the atmosphere were removed % 

(6) * Will the siphon act better at the top or the bottom of 
a mountain ? 

(7) Could a siphon be employed to pump water out of the 
hold of a ship floating in a harbour ? 

(8) What is the greatest height over which water can be 
carried by means of a siphon when the mercurial barometer 
stands at 30 inches ? 

(9) If the ends of a siphon were immersed in two fluids of 
the same kind and the air were removed, describe what would 
take place. 

(10) A hollow tube is introduced into the bottom of a 
cylindrical vessel through an air-tight collar ; and a large tube, 
of which the top is closed, suspended ON«t \\.^^stfi ^&\srJv,q5s>im^\f^ 
XovLch the bottom : consider t,\io ^feeX. ol ^bnAxvs^^ -i^^jk®^^ 
water into the cylinder, \mtil \l Tewi\i^^ \Jaft\«s^ ^^ "^"^ ^^ 

the inverted tube. 
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(11) A siphon is placed with one end in a vessel full of 
water, and the other in a similar empty one, both of which are 
on the plate of an air-pamp. As soon as the water has cover- 
ed the lower end of the siphon, a receiver is put on, and the 
air rapidly exhausted, and then gradually readmitted : describe 
the effects produced. 

(12) A siphon, filled with water, has its ends inserted in 
vessels filled with water ; state what will take place when the 
vertical distances of the highest point of the siphon above the 
surface of the fluid are both less, both greater, and one greater 
and the other less than the height of the Water^Barometer. 

(13) What is the length of the smallest siphon that cai 
empty a vessel 2 feet deep ? 



CHAPTER VII. 



On the Thermometet. 



93. The general consequence of imparting heat to bodies 
is the expansion of their volame. 

The particles which compose a solid body, as for instance a 
block of lead, are hold together by the force of cohesion. It 
requires a force of great magnitude to increase or to decrease 
the volume of a block of lead, though lead is a soft metal. 
The application of heat, by weakening the force of cohesion, 
reduces lead and other metals to a liquid state, pushes the 
particles more widely apart, and thus increases the volume of 
the bodies to which it is applied. 

If heat be applied to a liquid, as water, the cohesion of the 
particles is weakened, and they ultimately acquire a tendency 
to break away from each other and assume the form of a 
vapour. 

If heat be applied to an elcutic fluid, as air, it 
causes it to expand. Thus if a bladder, pai-tly full 
of air, be placed before a fire, the air will expand 
and distend the bladder. 

Again, if a piston P exactly fits a cylindrical ^.-^ 
tube AB, and is supported by the condensed air ftj»" 
in PB, if heat be appUed to \3aft «k Vcl PB\\»^w^ \ \ 
expand and raise the pistoTi. y 3 ^ 
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94. The Mercurial Thermometer is an instroment oon- 
structed to measure temperatures by means of the extent of 
the expansion or contraction of mercury. 

It consists of a glass tube of uniform bore 
closed at A and terminating at the other end 
in a bulb. The bulb contains mercury, which ex- 
tends part of the way up the tube. The space 
between the mercury and the top of the tube is a 
yacuum. 

If the mercury in the instrument be subjected 
to an increase of heat, it expands and rises higher 
in the tube. 

A vacuum is obtained in the upper part of the 
tube before the end A is closed by making the 
mercury in the instrument boil, so as to expel the 
air through the opening at A^ which is then her- 
metically sealed, and the mercury sinking as it cools leaves a 
vacuum in the upper part of the tube. 

96. To graduate a Thermometer, 

The portion of the instrument containing the mercury is 
plunged into melting ice : the mercury shrinks, the column 
descends and finally becomes stationary. The point at which 
it rests is marked: it is the freezing point of the ther- 
mometer. 

The instrument is next placed in the vapour of water boil- 
ing under a given atmospheric pressure: the mercury expands, 
the column rises and finally becomes stationary. The point at 
which it rests is marked : it is the boiling point of the ther- 
mometer. 

The space between the freezing point and the boiling point 
is divided into equal spaces, called degrees. 

In the Centigrade Thermometer freezing point is marked 
0* and boiling point 100®. 

In Fahrenheit's Thermometer freezing point is marked 32® 
and boiling point 212®. 

In Reaumur's Thermometer freezing point is marked 0® and 
boiling point 80®. 

95, JEFaving given the numher of degrees ou Fahrenheit h 
^F^i^rmometer, to find t?ie corresponding number of degTee% 

Mf ^Ae Centigrade Thermometer. 
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Let AM be the line at which the mercury stands at freezing 
point, 

BN at boiliDg point. 



100- 



J3 



^IJ 



r 



'A.m 




-212 



-2P' 



•32 



Then 
^j3f and BN 9X^ marked 0® and 100® on the Centigrade scale 
32»and212» Fahrenheit 

Let the mercury stand at the line PQ, and suppose the 
graduations on the scales to be G^ and F^ respectively. 

AP MQ i 



Now 



AB'MN' 



G F-Z2 



100 212-32' 
G F-Z2 

■ tvr =r — — — — * 

100 180 ' 

G_F~^ 
• 6 ~ 9 ' 

and from this equation we can find G when jPis given and F 
when G is given. 

97. To compare the scales of the Centigrade and Reau- 
mur's Thermometer, we proceed in the same way, putting 0*, 
B, 80® instead of 32®, F, 212® respectively, and we obtain 

G^^B 

100 80 ' 

G B 

Hence the three scales are t\i\]& co\iTi^^\A^) 

C F-Vl ^R 
6"" 9 ^' 
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98. The following examples will shew how to find the 
number of degrees marked on any one of the three scales when 
the number marked on one of the other scales is given. 

Ex. (1) What reading on the Centigrade scale corre- 
sponds to 56^ Fahrenheit ? 

Smce - = , 

6 9 ' 

and -P= 56, 

(7_56--32 
6~ 9 ' 
.-.9(7=5x24, 

.*. the reading on the Centigrade scale is 13^ degrees. 

Ex. (2) What reading on the Ffihrenheit scale correefponds 
to 140 Centigrade ? 

Since C7= 14, 

14_ J^-32 
6 - 9 ' 

.M26 = 6-P-160, 

.*. 6^=286, 

that is, the reading on the Fahrenheit scale is 57^^. 

Ex. (3) If the sum of the readings on a Centigrade and a 
Reaumur be 90, what is the reading on each ? 

Here we have two equations, from which we can find C 
andi?, 



5 4 

C+-R=90 (2); 

.-. 4C7=6i2 
4(7+472=360 
.-.4/2=360-52?, 
.-.9^=360, 
and so ^=40 and 0=50. 



\- 
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ExAMPLxa— VII. 

(1) Give the number of d^;rees in the Centigrade and 
Beaumor's scale respectively that correspond to the following 
readings on Fahrenheit's scale, 

(1) 30«, (2) 450, (3) 660, (4) 0®, (5) -7^ (6) -45<>. 

(2) Give the number of d^^ees in the Centigrade and 
Fahrenheit's scale respectively that correspond to the following 
readings on Reaumur^s scale, 

(1) 6°, (2) Wy (3) ^, (4) -180, (6) ~64«, (6) 120*. 

(3) Give the number of degrees in Fahrenheit's and 
Reaumur's scales respectively that correspond to the following 
readings on the Centigrade scale, 

(1) \^, (2) 450, (3) 1100, (4) 0», (6) -150, (6) -24» 

(4) Is it necessary that the section of the tube through 
which the mercury rises in the Thermometer should be the 
same throughout ? 

(5) If the sum of the readings on a Centigrade and Fahren- 
heit be 60, what is the reading on each ? 

(6) At what temperature will the degrees on Fahrenheit 
be five times as great as the corresponding degrees on the 
Centigrade ? 

(7) At what point do Fahrenheit and the Centigrade mark 
the same number of degrees ? 

(8) Show how to graduate a Thermometer on whose scale 
200 shall denote the freezing point, and whose 80th degree shall 
indicate the same temperature as 800 Fahrenheit. 

(9) What will be the reading on the Centigrade when 
Fahrenheit stands at 780 ? 

(10) The sum of the number of degrees indicating the 
same temperature on the Centigrade and Fahrenheit is 88, 
find the number of degrees on each. 

(11) What reading on t\iO (^XLYaigwAa wsttws^N^^^ '^ 
Fahrenheii ? ^ 

AH. 
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(12) What would be the inconyenience of haying the bore 
of the Thermometer large ? 

( 13) At what temperature will the degrees on Fahrenheit 
be 3 times as great as the corresponding degrees Centigrade % 

(14) The nmnbers of degrees indicated at the same instant 
by a Centigrade and a Fahrenheit's thermometer are as 5 : 17; 
determine the temperature. 

(1 5) What is the temperature when the number of degrees 
on the Centigrade is as much below zero, as that on Fahren- 
heit's is aboye zero ? 

(16) One Thermometer marks two temperatures by 9® and 
10^^ ; another Thermometer by 12^ and 14°; what will the latter 
mark, when the former marks 16° ? 

(17) One Thermometer marks two temperatures by 8° md 
10^ ; another Thermometer by 11° and 14° ; what will the latter 
mark when the former marks 16°? 

(18) If the difference of the readings on Fahrenheit and 
Reaumur be 47, what are the readings ? If the diffsrence in- 
crease by a giyen number of degrees, find how much eadi al 
the thermometers has risen. 



i 



CHAPTER VIII. 



Miscellaneous Examples, 



99. Wb shall now give a series of examples to illustrate 
more fnlly the principles explained in the preceding Chapters. 
The important law of pressure in the case of compressed air, 
of which we treated in Arts. 80, 81, will be referred to as 
Marriotk^s Law*. 



Examples worked out. 

1. Waier is 770 times as heavy as air. At what depth 
in a lake would a btibble qf air be compressed to the density 
qf toater, supposing Marriotte^s law to hold good throughout 
for compression f 

At the surface the density = that of atmosphere, 
and 33 feet of water are equivalent to one atmosphere ; 
.*. at depth of 33 ft. the density = twice atmospheric pressure, 

(2x33) ft =three times 

(769x33) ft = 770 times 

.*. the density will be equal to that of water at a depth of 

(769 X 33) ft. l e., 25377 ft. 

• It wtta prored by the indepei»aeiA tweKtOaBa q1 l&axAsaNJw^. «». -» 
FhjgkiMa, and BojIb, the English Fbilo&opYi«t. 
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2. A Jyody weighs in air 1000 ^r*., in water 300 ^r*., and 
in another liquid 420 grs,: what is the specific gravity qfthe 
latter liquid.^ 

In water the body loses (1000- 300) grs., i,e, 700 grs., 

in other liquid (1000— 420) grs., i,e, 680 gra,; 

.*. equal volumes of water and of the other liquid weigh re- 
spectively 700 grs. and 580 grs. 

.'. measure of specific gravity of other liquid =^^=*82857li. 

3. Taking account of aimospheric pressure^ and taking 
33 feet as the Jmght of the water barometer, at wfuU depth 
in a lake is the pressure ttdce what it is at a d^th qf one 
yard ? 

Pressure at the surface = weight of column of water 33 ft high, 
Pressure at 3 ft. depth = weight of column of water 36 ft. hig^; 
.'. for a double pressure we must take 36 feet lower, that ia^ 
36 feet lower than 3 feet, or 39 feet from the surfi^ 

4. A flat piece of iron, weighing 3 lbs,, floats in mercury; 

«• 

and if another piece qf iron of like density weighing 2 — lbs. 

is placed upon it, the flat piece is Just immersed. Compare 
the specific gravities of iron and mercury. 

Total weight of iron = ^3+2 ^)ll>s.= 6 ^Ibs. 

The volumes of the part immersed and of the whole will be 
as the weights, that is, as 3 : 5 — , or as 78 : 135. 

.*. sp. gr. of iron : sp. gr. of mercury =78 : 136, 

=26 : 46. 

6. Air is confined in a cylinder surmounted by a piston 
tcithout weight, whose area is a square foot What weight 
must be placed on the piston that tJi^e volume qf air may be 
reduced to half its dimensions f 

Bx Marriotte's law the air when reduced to half its volume 
nrfJJ hare double its original pressure, ^enci^ \:aSi^% l^lba. 
per square inch as the original atmoap\iesrvi '^Teasws^,^^\»- 
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comes 30 lbs. per square inch below the piston. But the at- 
mosphere still exerts a pressure of 15 lbs. per square inch 
above the piston. Therefore a pressure of 15 lbs. more per 
square inch is required to keep the piston at rest. 

/. weight required = (15 x 144) lbs. = 2160 lbs. 

6. Jfihe capacity of the receiver qf an air-pump be 10 
times that qf the barrel, ehew that, defter 3 strokes qftlie piston, 
the air in the receiver wiU have lost nearly on&fowrih of its 
density. 

By the formula of Art 72, if p^ and pn be the densities 
originally and after the n^ stroke, and R and B be the capa- 
cities of the receiver and barrel, 



Pn_f R V 

- \r^b) ' 



po V 



1000 , 
1331' 



, .. , , /, 1000\ 331 1 

.-. density lost= yi - ^^j po= j^Po = ^Po nearly. 

7. A block qf wood ( s. g. — j weighing 166 lbs, is float- 
ing in fresh water, JVhat weight placed on it will sink it to 
the level of the water f 

Let 47= the weight in lbs. 

Then » + 156 » weight in lbs. of water displaced by volume 
of wood alone^ 

= -^1^6, 

= 169; 
.-. *= (169 -166) lbs. = 13 lbs. 

8. In a mixture qf two fluids, qf which the specific gra- 
vities are 3 and 5 respectively, a body, whose s. o. i« 8, loses 
haifits weight. Compare the volumes mixed. 

Weight lost = weight of fluid displaced, 

= 5 weight of \)od'j i«Vio?» %• Qi-Na ^ 

/• A A of the mixture Ib 4. 
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And siuce the separate specific gravities are 3 and 5, while the 
sp. gr. of the mixtnre is 4, the fluids must be mixed in equal 
volumes. 

9. A vessel qf water has for its horizontal section a rect- 
angle 6 feet ly 2 feet, A substance weighing 550. lbs, is im- 
mersed in it, and the water rises 8 inches. Find the specife 

mmty qfthe sybstanee. 

Sectional area =12 square feet 

Volume of substance = ( 12 x - j cub., ft 

=8 cubic feet; 
.*. 8 cubic feet of the substance weigh 550 lbs.; 

.-. 1 cub. ft -5- lbs., or 68*76 lbs. 

o 

Also, a cubic foot of water weighs 62*5 lbs., 

^ , , 68*76 

.•. sp. gr. of substances. -^573- =1'1. 

10. A cylinder floats in a fluid A with one-third cf its 
axis immersed, and in another B with ihreefowths qf its 
axis immersed. How deep will it float in a fluid which is a 
mixture of equal volumes qfA and B f 

3 1 

Sp. gr. of -4 : sp. gr. of jB = - : -, 

= 9:4; 

9+4 
.*. sp. gr. of mixture of equal volumes = -^— =6*6. 

If therefore the body has - of its axis immersed in a fluid 

of s. 0. 9, when it is immersed in a fluid of a g. 6*5 the part 
immersed is obtained from the following relation, where « is 
the part immersed, 

6|:9 = i:*, 
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100. We shall now give a set of easy Examples to be 
worked by the stadent by way of practice. 



Examples. — VIIL 

1. An iceberg (s. g. *926) floats in sea-water (a g. 1*025). 
Find the ratio of the part out of the water to the part im- 
mersed. 

2. A body floats in a fluid (s. g. "9) with as much of its 
volume out of the fluid aa would be immersed if it floated in a 
fluid (s. G. 1*1). Find the specific gravity of the body. 

3. Find the Fahrenheit Temperatures corresponding to 
-40® and +350*^ Centigrade. 

4. The capacities of the barrel and receiver in a Smear 
ton's air-pump are as 1 : 3. A barometer enclosed in the 
receiver stands at 28 inches. What will be the height after 
three upward strokes of the piston ? 

5. Two hydrometers of the same size and shape float in 
two different fluids with equal portions above the sur&ces, and 
the weight of one hydrometer : that of the other =1 : p. 
Compare the spedfio gravities <tf the fluids. 

6. A man weighing 10 stone lOos. floats with the water 
np to bis chin when he has a bladder under each arm equal in 
size to his head and without weight. If his head be one- 
twelfth of his whole bulk, find his specific gravity. 

7. At what height does the water barometer stand when 
the mercurial barometer stands at 28 inches (a g. of mercury 
^13-6)? 

8. What degree Oent^rade ooFrespondB to 27® Fahren- 
heit? 

9. A man 6 feet high drres vertically downwards with his 
hands stretched 18 inches beyond his head. Wha.t dss^^ks^Voba^ 

ha renOie^ when the preaaaie afc\&ft te%wS «oa«.Sa. -.SSm^-^^* 

Itvfeet? 
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10. A string will bear a strain of 10 lbs. 7 oz. Determine 
the size of the largest piece of cork (s. a. *24) which it can keep 
below the surface of mercury (s. G. 13*6). 

11. In De Lisle's Thermometer the freezing point is 150* 
and the boiling point zero. What d^ree of this theimometer 
corresponds to 47* Fahrenheit? 

12. Cork would float in n atmospheres. Find n (& g. of 
air and cork being *0013 and *24). 

20-1*91 

13. An elastic body of s. G. '6 is compressed to -^^r — -r- of 

^ *^ 20+ 4n 

its natural size by inmiersion n feet in water. At what depth 
will it rest? 

14. If the body in Question 13 weigh 10 lbs., what are the 
magnitudes and directions of the forces which will keep it in 
equilibrium at depths (a) 5 feet, and (j8) 30 feet? 

15. At what depths will the force required to keep the 
body in Questions 13 and 14 at rest be 1 lb. ? 

16. At what temperature are the readings on Reaumur, 
Centigrade and Fahrenheit proportional to 4^ 5, 25 ? 

17. At what temperature is the sum of the readings on 
Reaumur, Centigrade and Fahrenheit 212 ? 

18. A body (&o. 2*6) weighs 22 lbs. in vacuo and another 
body (s. G. 7*8) weighs n lbs. in vacuo ; and their apparent 
weights in water are equal Find n. 

19. Find the specific gravity of the fluid in which the 
apparent weights of 1 lb. of one substance (s. g. 3) and 3 lbs. of 
another substance (s. g. 2*25) are equal 

20. Equal volumes of two substances (s. g. 2*7 and 6*1) are 
immersed in water and balance on a straight lever 71 inches 
long. Find the position of the fulcrum. 

101. We proceed with some examples of somewhat greater 
difficulty than those already given. 

Note, We shall assume that tlie vo\\mi^ oi ^ %\\iQCQ ia 
jf^^r^ r beiDg' the radios. 
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Exomvples worked otU. 

1. iShmo how the depth of the descent in a Diving Bell 
can be determined from observations on the barometer. 



X 




Let AB be the surface of the water, CD the water level in 
the bell at the end of the descent 

Now pressure at GD is equal to pressure throughout the 
upper part of the bell, and is therefore equal to the pressure 
due to atmosphere + weight of column of water (of+y) ft. high. 

Hence iS S he the measure of the specific gravity of 
mercury, and h, h' the measures of the heights of the mercu- 
rial column at surface of the water and at the bottom, 

measure of pressure at CD=h9+{x-^y) x 1. 
But measure of pressure at CD—Ks j 

/. h>s+x-k-y=h'8, 

/. x^{h'-'h)s~'y. 

Now, by Marriotte's law, if a be the measure of the height 

of the bell, 

y h K 
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2. Whai mtist he the least size in cubic feet of an inflated 
balloon, that it may rise J)rom the earth when filled with ga» 
whose specific: gravity compared with that qf air is '08, the 
weight qfa cubic foot of air deing *3 grains, and the collapsed 
balloon car and contents weighing altogether 550 lbs. f 

TaMng 1 as the measure of the specific grayit j of air, 

and V ofthe volume of the inflated balloon, 

weight of inflated balloon, | ^ ^ y^ 
neglecting weight of envelope,/ 

weight of air displaced = (-Fx 1) grs. = Fgrs. 

Now 1 cubic fb. of air weighs '3 grs., 

/. V -SFgrs.; 

/. ascensional force = (-3 F- -08 Fx -3) grs. 

=('92x-3F)grs. 

/. -92 X -3 r= 550x7000, 
... r= ^^^^ cub. ft. =8072-5 cub. ft. nearly. 

3. The weight qf a globe in air is W, and in water w ; 
find its raditju, supposing s and a to "be the specific gravities 

qf water and air. 

Let 22= radius of globe, and P= weight of globe in vacuo. 
Then volume of globe = - vB^ ; 

.-. P''\irB?^a^W (1), 

P-|^i2»*=tr (2). 

Hence, subtracting (2) from {\\ 



•■•^-^{i-^V 
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4. How deep must a cylindrical diving bell be submerged 
so 08 to be just hoUffuXk qf water t 

At first the bell is fiill of air of ordinary density. 

When the bell is half fiill of water, the air is compressed 
into half its original yolnme^ and therefore the density is 
doubled. 

But the additional density is entirely due to the weight of 
a column of water 33 feet high. 

Hence when the surface of the water in the bell is 33 feet 
below the upper surface, the bell will be half fuU of water. 

5. A spherical balloon is to be formed of a material qf 
which the thickness is k, and specific gravity relatively to 
air b : if it be filled with gas qf specific gravity d, prove that 
in order that it may ascend the extreme radius must exceed 



~W- 



Let ^=3 extreme radius. 

Then a?— ic= interior radius. 

4 

.*. weight of enyelope alone = - tt (a:'- {x- ic)'} d . . . (1), 

4 
gas ^ir{x-Kfd (2), 



4 
air displaced ... =*-w^x\ (3). 



The balloon will not ascend unless the sfum of (1) and (2) be 
less than (3). 

4 4 4 

.*. j7r{^-(a?-ic)»}d+-7r(:c-ic)'<f-giraj'le8s than 0; 

.-. «»(d-l) less than (a?-ic)'(d-dO, 
... --^Veater tha. (l^iY- 



.-. 1 - ^gre8A«t ^^^M^Vs^d^ 



% 
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.*. ^greater than 



c*. - less than 1 



\6-d) 



6. For two given temperatures the readings qf one 
thermometer are n^ and m^ and of another v^ and yf 
respectively. What will be the reading of the latter when 
the former gives T F 

(n—m) deg. of the 1st are equivalent to (y— ft) deg. of the 2nd. 

A 1" Ist ^^^^^ 2nd 

n-m 

/. P Ist (i^^^) I 2nd. 

7. A globe, 2 feet in diameter, wfien floating is half *wi- 
mersed in water ; what is its weight f 

The globe must be half as heavy as water. 

4 
Now volume of globe = - tt cubic feet, 

and 1 cub. ft of water weighs 62*6 lbs. 

.*. -TT cub. ft. of water weigh ( 62*25 x —J lbs. ; 

.*. weight of globe = - ( 62*26 x — j lbs. 

= 130'9 lbs. nearly. 

8. A sphere whose radius is 6 inches and weight 35 lbs. 
is suspended by a string. Required the tension qf the string 
when the sphere is wholly immersed in water. 

Volume of sphere = 0^(9] ^^* ^* ~ 1 ^^* ^*' 
Weight of water displaced = ( ^ '^ 62*5 ) lbs. 

.: tension of string = (35-^ x 62-5\\\)a. 

=2*275 Iba. nearly. 
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9. A pipe 15 feet long, closed at the upper extremity, is 
placed vertically in a tank qfthe same height, and the tank is 
filled toith water. Prove thai if the height qf the water 
barometer he 2Zft 9 m., the water wiU rise S/t, 9 in, in the 
tube. 

Let ^= measure of height to which the water rises in feet. 

Then 15- a; = measure of space filled with air. 

By Marriotte's law, the pressure of the air inside may be 
represented by 

^» X33?. 



16-iC 4 

But this pressure is also represented by the measure of a 

3 
column of water 33 j ft. + a column (16 - a?) ft. 

.-. 33? + 15-^=-^5_x33 7, 
4 16-iC 4' 



„ 255 /256\« 60625 
4 ^\ 8 / 64 ' 



or 

255 225 



■ ■ X' 



8 "" 8 ^ 



3 

.'. a?=60ft or 37 ft 

4 

The first result is evidently impossible. 

10. If a lighter fluid rest upon a heavier, and their 
specific gravities be s and ff, and if a body whose sp, gr. is <r 
rest with V of its volume in the upper fluid and V in the 
lower, shew that 

weight of body = weight of fluid displaced, 

=cr(r+n, 

... V : V'=s^-o- : a-9. 
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Examples. — IX. 

1. Equal Yolomes of gold (s.a. 19'4) and silver (8.0. 10*4) 
balance on a straight lever, (1) in vacno, (2) in water, (3) in 
mercury (s.o. 13*5). Find the ratio of the arms and positton 
of the Ailcrum in eadi case. 

2. An inclined plane is immersed in a fluid (s.a. 3) and a 
body (s.a. 7) weighing 7 lbs. in vacuo is si^pwted on the plane 
by a horizontal force of 3 lbs. Find the ratio of the height and 
base of the plane. 

3. A balloon filled with Hydrogen (s.a. *07) just rises in 
air (s.a. 1). The balloon, exclusive of the Hydrogen, wdgfas 
10 cwt. If a cubic foot of air weigh 1*3 oz., find the volume of 
Hydrogen in the baUo(m, n^lecting the volume of all else. 

4. If the baUoon in Question (3) rise and rest with its 
barometer at three-fourths of its original height^ how mudi 
gas must have been expelled, and how much ballast thrown 
out? 

5. Explain why the gas and ballast in Question (4) are 
expelled. 

6. A cylindrical vessel is made of wood: the exterior 
radius is 4 inches and the interior 3 inches, the thickness of 
the bottom one inch, and the height of the cylinder 9 inches. 
It floats in water when the bottom is 3 inches below the sur- 
face. Find the specific gravity of the wood and the depth to 
which it will sink when a 9maU hole is made in the bottouL 

7. A piece of ice, supporting a stone, floats in a vessel of 
water. Will any change take place in the level of the water 
as the ice melts ? 

8. Shew that in a cylinder immersed as in Question (25) 
page 64, the depth of the interior surface below tiie exterior is 
a mean proportional between the height of the water in the 
cylinder and that of the water barometer. 

9. A cubical water-tight box, whose edge is 1 foot, is sunk 
to a depth of 80 fathoms in the sea. Find the pressure on the 
top. 

Would it make any difference in \^e ciiicKUDQAXAXLC^ii ^ >i^i^ 
&er ifjt were not iFater-tight ? 
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10. An elastic air-tight bag has forced into it air sufficient 
to fill 19 bags of the same original size. To what depth must 
it be sunk in the water that it may return to its original size, 
the height of the water-barometer being 34 feet ? 

11. A vesssel made of thin heavy material and containing 
a cubic foot of fluid, the specific grayity of which is - , floats In 

o 

water, the surfsuses of the water and the fluid being in the 
same horizontal plane. Find the weight of the yessel when 
empty. 

12. In Question (11) if some more fluid of the same kind 
be poured into the vessel, will the surface of the fluid or that 
of the water be the higher ? 

13. A cylinder 30 inches long is composed of lignum vitse 
in its lower half and cork in its upper half, and floats vertically 
in water. If the specific gravities of lignum vitae and cork be 
1*1 and -25 respectively, shew that the cylinder will float 20*25 
inches deep. 

14. Two pieces of cork, both small but the volume of one 
three times that of the other, are connected by a thread three 
feet long passing round a fixed pulley at the bottom of a tank 
of water 2 feet deep. Supposing the si>ecific gravity of cork 
to be *25, shew that in the position of equilibrium the smaller 
piece will be totally immersed and the lai^er piece half 
immersed. 

15. Two reservoirs of water at difierent levels are separated 
by a solid embankment, and a bent iron tube of adequate length 
is placed with an end in each. If the barrel of an air-pump 
be screwed into an aperture at the top of the tube, shew that 
generally after sufficiently working the air-pump the water will 
flow through the tube from the higher reservoir to the lower. 
Under what circumstances will this fail to take place ? 

16. Two bodies of equal volume are placed one in each 
scale-pan of a Hydrostatic Balance, and are then immersed in 
two liquids which are such that the bodies just balance each 
other ; the liquids are then interchanged, and it is found that 
the bodies balance when one of them is just half immersed. 
Find how much of the heavier bod^ uoaa*. Vi^ ^sfi5swst^'5^^\s^. "sw 
L'qnid, compos&di of equal volumea oi tV^ \wQ\tf^^a»^^ Hisa&.^ 
m&yjuat balance the lighter not Vrnmei^^^ 
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17. A siphon ABC^ each branch of which is less than 30 
inches long, is filled witJi mercury and both ends are stepped. 
It is then placed with the end ^ in a bowl of mercury and tho 
end C7 in a bowl of water, the surface of the mercury being 
lower than that of the water and higher than the end C. If 
the ends be simultaneously unstopped, shew that mercury will 
flow through the tube into the water provided that 

-J be greater than ^ , 
sf p 

z^ y being the respective depths of the end G below the planes 

of the surfaces, and p, p' the respective densities of mercury 

and water. 

18. The air-vessel of a force-pump is a cylinder of height ^ 
whose section A is the saine as that of the piston : the T^ter 
has to be lifted to height A of the water-barometer above the 
bottom of the air-vessel, by means of a pipe of section a and 
height A : if, when the pump commences working, the water be 
just below the valve in the air-chamber, find after how many 
strokes, each of length l^ of the piston, the water will be at the 
top of the pipe. 

19. A cylinder whose height is 8 inches, is floating with 
its axis vertical and its base 5 inches below the surface of 
water : a weight of 6 lbs. when placed on the top of the cylin- 
der just brings the upper surface to the level of the water. 
Find the weight of the cylinder. 

20. When two metals are mixed in equal volumes they 
form a compound of specific gravity 9 ; when they are mixed 

in equal weights they form a compound of specific gravity 8 -; 

find the specific gravities of the metals. 

21. A cylindrical jar can just sustain a pressure of 165 lbs. 
to the square inch without breaking, and an air-tight piston 
which fits the jar is thrust down and compresses the air in the 
jar. Find the height of the jar, supposing it to burst when the 
piston is an inch from the bottom of the cjliuder, the pressure 
of atmospheric air being 15 lbs. to the square inch. 

22. In Smeaton's air-pump if there be communication with 
& condenser through the upper valve, and the capacity of the 

cylinder he half that of either receiver, compai^ t\i"a ^TOAanroa 
/n the receivers alter two descents and ascend ol ^^ vmbXwvju 
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Notes. 

1. Law II., given on page 4, can "be deduced from Law I., 
but the method of reasoning is not adapted to an elementary 
treatise. 

2. On page 15 the construction of the cylinder and lines 

6, 7, 8, 9 are not necessary to the proof, for it follows at once 
from Art. 34 that 

fluid pressure at A = fluid pressure at B. 

3. On page ^4 it might be clearer if we inserted the sign 
X or the word times between VS^ and (unit of weight) in line 

W 

7, also between -^^ and (unit of specific gravity) in line 14, 

and so in several other cases in pages 24 and 25. 

4. The first sentence in page 53 is not quite correct : it 
might better stand thus: ''The exhaustion of the air is re- 
tarded by the diflSculty of making the piston come into close 
contact with the valves at A and C, and it must always be 
limited by the weight of the valve (7." 

5 The Aneroid Barometer is so called because no liquid 
(a privative and vrjpbs "moist") is used in its construction. 
A metal cylinder about an inch in height, closed by an elastic 
piece of metal, is exhausted, and as the metal covering rises or is 
depressed, according to the changes of atmospheric pressure, 
it sets in motion hands like those of a watch connected with 
it. 

6. In reading the descriptions of the Pumps in pages 
67 — 71 the student must be careful not to derive any erro- 
neous notions from the uee of the words Siuitionri^v^Q. It 
is retained (perhaps not wisely) as a technical term, con- 
venient for distinguishing the lower part of the pumps from 
the barrel. 

7. In the description of the Siphon on page 72 it iaa.^v^ 

to be of uniform bore. This \a not esaeii\hsiJL\«k^^^^'^^5=s^ 
of the iDstrument, but it conduces io \\ie>i:e>^w ^^NKos^^^^ 
and renders the explanation moTO s\m^\©. 
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It is also stated on page 72 that the longer "branch must 
he aiiUide the vessel This is not necessary, for the instru- 
ment will work with the shorter branch outside, provided 
that the extremity of that branch be below the surface of 
the fluid. 

8. To the Thermometers it might be well to add that 
which is called De Lisle's. This is much used in Russian 
scientific operations^ In it the boiling point is marked 0®, and 
the freezing point 150^. 

9. It should be carefully observed that the freezing point 
of a Thermometer is found by placing the instrument not in 
freezing water, but in melting ice. 
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Examples I. (page 8.) 

1. 56| tons. 2. 30 tons. 3. 29629*62$ lbs. 

4. 1 oz. 5. 1 oz. 

6. The area of a circle whose radius is r is ttt^, and tak 
ing ^ as an approximate value of tt, the answer is 5581}^ cwi 

Examples II. (page 18.) 

1. 20 lbs. 2. 37 1^ lbs. 3. 7:6. 4. 9; 8. 

5. 10 feet 6. 12 lbs. 7. 9 lbs. 

8. Iton 7cwt. 3qrs. 17 lbs. 9. 11 lbs. 12foz. 

10. 22500 lbs. 11. 1126^/3 lbs. 12. f of its height 

13. Since the external pressure on the cork increases 
with the depth, while the internal pressure is constant, the 
cork will be forced in when the former exceeds the latter. 

14. 12itons. 15. 18 feet 

Examples III. (page 27.) 
1. 165 lbs. 2. 18:1. 3. 7i^oz. 4. '8. 

5. 6oz. 6. Iffoz. 7. '^^. 8. 7-776. 

9. ri6. 10. -844. 11. 14. 

3 5 

12. -cub. in.; 7 cub. in. 

4 4 

13. Volumes as 1 : 2, weighla «a \ \ At. \.^. «L\X* 

i5, 2f|. 16. 2. Vl. V^^^- ^ 
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18. If d^ da, d^ be the measures of the densities of the 
fluids, and d be the measure of the density of the mixture, 
di=Sd-'di—di. 

19. 8-241... 20. -802... 21. 18'41. 22. 1-61... 

23. 313. 24. 8*6... oz. 

25. The volumes are as 57 : 1, the weights as 2223 : 97. 



Examples IY. (page 42.) 

1. 3-S. 2. 507870 tons. 3. three-fourths. 

4. 4 dwts. 20^ grs. 5. 4. 6. 3 times weight of tub. 

52 65 

7. two-thirds. 8. r;,oz. 9. -ttJt^oz. 10. 3oz. 

07 4d2 

11. 42 OZ. 12. ^oz. 13. ^Ibs. 14. 3*5. 

oo o 

15. ^. 16. ^. n. ^. 18. 11}. 19. 2f. 

20. ^. 21. i||j. 22. 2. 23. 47 J lbs. 

24. 12 feet. 25. '66. 

26. Because the specific gravity of salt water is greater 
than that of fresh water. 

27. it inches, 28. 1728. 29. 71bs. 9iVoz. 
o3 

30. Edge of cube is 2 feet. 31. 5f^. 

32 height of triangle 33 ^ ^ ^ ^^^^ ^^^^ ^^ 

downwards ; 3 : 4 when vertex is upwards. 34. 16 lbs. 

26 
35. -75. 36. 2 inches. 37. '9. 38. rx^mch. 

39. 4 lbs. 40. 3lba 41. 95 lbs. 

42. «ri(«rj-tr) :«rj («?!-«?). 43. Increased, if the 

wood be lighter than water. 44. 3:2. 45. I'l. 

14129 
47. r^rrrr or -8 nearly. 48.. 5ij«V inches. 

49. SJJlbs. 50. 9ttlbs. 51. .lO^J. 52. 13. 
^S. 6 inches. 55. 2|. 
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58. - of volume. 59. 750 oz. 60. 77^5 of a cub. ft 

W 

61. 936302451-687 cub. ft. 62. ~ . 63. wi : w. 

o 

64. 900 grains. 65. Ijj^ or 1*0272 nearly, m. -64. 
67. 433 grains. 69. 42^^^ cub. in. 



Examples V. (page 60.) 

— ) times original density. 2. — time& 

original pressure. 3. 9 : 1. 4. No : because the 

pressure varies with the depth alone; so that if the section 
varied there would still be equal vertical increments of space 
for equal increments of pressure. 5. 53i lbs. 

6. 1 Jg inches. 7. The mercury would fall to the 

level of the surface in the cup. 8. 14*626 lbs. 9. 10 feet 

10. No : because a volume of mercury equal to that 
displaced by the iron will descend and allow the iron to take 
its place without disturbing the general upper surface. 

11. Sink: see answer to (16). 12. The mercury 
would descend a little. 13. 2*38 square inches. 14. *0109 
of original volume. 16. 1 ft. 6^^ in. 16. When 
the floating body is partially immersed, both air and water 
are displaced: but the dbsoltUe weight of floating body = weight 
of displaced fluids, which must therefore be constant : there- 
fore when the barometer rises, there must be a less water 
displacement, i.e. the body rises : while any decrease in the 
atmospheric pressure (when the barometer falls) will necessi- 
tate an increased water displacement^ and therefore the body 
then sinks a little. 17. 1:2. 20. 28*8 inches. 

21. 1080 lbs. 22. 26 If inches. 23. 5 feet. 

24. 6 : 1. 25. The air will be compressed inside, and 

so displace less water : and since it floated originally, it will 
now sink, because the weight of displaced fluid is now less thaa 
the weight of the body. 26. 5 ^^^^'t^ orcv^HiaiL ^^^^^qs.^- 

27. 32 ft 28. 6^0Z. 'ia. ArV\'5»^i^- 

30. AB : BC=p : q-p, VL. '^e^ «^^^ \s^^*^^^ '*''* 
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point and any graduation ought to be less than the space 
indicated by the number placed against that graduation in 
the ratio of 17 : 18. 33. 14*936 lbs. nearly. 

34. j^ of an inch. 35. Low. 36. 4| inches. 



Examples VI. (page 75.) 

1. It will increase the time of filling the receiver, since 
the only effective work would be done by the descending 
piston, after passing the hole. It will fill the tank in 3 times 
the original time. 2. 27^ lbs. 

3. (a) If the hole be below the level of short end, no 
effect. 

0) If above this level but still in the long branch, all 
the fluid in this branch below the hole will descend, and all 
above in the same branch will ascend, causing the remainder 
of the fluid to flow through the short branch, till the siphon 
is emptied. 

(7) If in the short branch, all the fluid below the hole 
is this branch will descend ; all above in the same branch will 
ascend and flow through the long branch, emptying the 
•siphon. 

(d) If at the top of the siphon, the fluid will descend 
in each branch and empty the siphon. 

4. 32 ft. 9-53 in. or 3279416 feet. 6. The fluid would 
descend in each branch and the siphon be emptied. 

6. Equally well at both, if the siphon be not too high. 

7. No: because the hold is lower than the surface in 
harbour. 

8. 33 ft. ll'lin. 9. If the air be removed from the 
siphon, the fluids would first ascend in each branch and after^ 
wards flow as usual. 10. The water would rise in the in- 
verted tube as high as the top of the inserted tube and 
afterwards flow out of it 11. First, the water would soon 
cease to flow. Secondly, it would rise in each branch, and 

^flberwarda Sow. 12. (a) The "water will flow into the 
lower vessel (/3) The water will deaceikiQL Saa. %w^\stwM3si^ML 
Jt stands at 34 feet above each sut&jco. ^^-j^'\i\i^^>a3caa%&V^fi^ 
■3. Each branch 2 feet. 
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Examples VII. (page 81.) 

1. (1) -li»; -f. (2) 7r; 5jo. (3) ISi^ 10^ 

(4) -17F; -14f^ (5) -2IS0; -17J0. (6) -42i^ -34f^. 
2. (1) 6i«; 43io. (2) 25^; TT''. (3) 0^ 320. (4) -22f ; -8*^ 

(5) -80<>; -112<>. -(6) 160^ 302^ 3. (1) 60f ; 12f. 
(2) 113^ 36^ (3) 2300; SS^. (4) 32®; 0^ (6) 5«; -120; 

(6) -llj^ -19F- 4. Yes: if the graduations are to be 

uniform. 6. 10° Cent, and 60° FaL 6. 10° Cent, and 

4 

50° Fah. 7. — 40<>. 8. Make each degree - ths that on 



Fahrenheit. 8. 2b f, 10. 20° Cent, 68° Fah. 11. 9f. 

12. The graduations would be inconveniently small. 

13. 80'>Fah. 14. 20<> Cent., 68® Fah. 16. -11? Cent, 
llJFah. 16. 24°. 17. 23<'. 18. 69^ Fah., 12° Reaum.j 

if (2? be the number of degrees, Fah. rises — and Beaum. — . 



Examples VIII. (page 87.) 

1. 4:37. 2. -496. 3. -40«and662°. 

4. 11-8125 inches. 6. I : p. 6. V08S. 

7. 31 ft 8-8 in. 8. -2J«. 9. 22jft 

10. ^ cub. ft 11. 137i<>. 12. =f^. 

13. 10 feet 14. (a) 2 - lbs. downwards ; 

(/3) 2 ^ lbs. upwards. 15. 7 ^ ft, and 13 j ft 

16. 60° Fahrenheit 17. 122^ Fahrenheit 

9 

18. 16 r=. 19. 2. 20. 174 inches from one 

17 * 

end. 



Examples IX. (page 94.) 

1. (1) 97 : 62. (2) 92 : 47. (S\ ^^ ^ ^^* 

Jd (3} fulcrum is at one end, wad ^o\d\i^\w^^^^^2cssss^'ss 
Bilver, 
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« « . o 10x112x16^. , 1 r^u^ 

2. 3:4. 3. Y^ ^^' ^ -of the gas 

has been expelled, and - of the whole weight thrown out 

6. Gas to preserve equilibrium of internal and external 
pressures on the balloon. Ballast to preserve equilbrium of 
vertical pressures on the balloon. 

2 4 

6. Sp. gr. = -. Height immersed= 5 = inches. 

o 7 

7. No ch&ge will take place till the stone falls from the 
ice, it will then displace less water than before, and the sur- 
face will consequently sink. 

9. Taking a cubic foot of water to weigh 1000 oz., the 
resultant pressure is 30000 lbs. The pressure would be the 
same inside as outside. 

10. 102 fathoms. 11. 125 oz. 12. The fluid 

surface. 

,_ 2 _Q A (2h + c-\^ i^ + 4h^)-\-a{'J^+4/?-c) 

16. ^. 18. 2ZJ • 

19. 10 lbs. 20. 10 and 8. 21. 11 inches. 

22. 33 : 8. 



r 



